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Abstract

In recent years, the recognition of non-technical and cross-functional skills has become
increasingly common in personnel selection and training. To this end, companies have
shown a growing interest in using game-based approaches, coupled with computational
data, to predict employee behaviour. Human resources professionals are, therefore,
seeking and developing reliable and valid tools to identify the right candidate for the right

position while simultaneously enhancing selection strategies and candidate engagement.

This thesis explores the exploration and exploitation of game-based approaches in the
field of human resources, particularly in recruitment and selection processes. It first
delves into the history of game-based approaches, tracing their origins and explaining

their evolution up to today’s serious games.

Following that, the thesis presents a meta-frameworks and two frameworks for designing
and creating a gamified situational judgement test (GSJT). A systematic progression is
highlighted, spanning from grasping client needs to implementing the GSJT. These meta-
framework and frameworks undergoes two experimental runs to affirm its effectiveness.
Subsequently, a computational psychometric scoring system is introduced to assist GSJT
psychometry teams in their scoring endeavors. Several scoring methods are scrutinized,
and a hybrid scoring approach is introduced. A third experiment is executed to validate

the efficacy of this approach.

The thesis then shifts its focus to the significance of having lifelike non-playable charac-
ters for recognizing non-technical skills. Deep learning models are suggested to facilitate
the creation of these characters. A final experiment is conducted to gauge the effective-

ness of these models.

In conclusion, this thesis provides preliminary contributions to both theory and practical
applications concerning the creation and use of game-based methodologies in the human

resources sector for behavioural profile recognition.



Contents

Declaration of Authorship

Acknowledgements

Abstract

List of Figures

List of Tables

Abbreviations

1 Introduction

1.1

1.2

1.3
1.4

1.5

1.6

1.1.1  What are Soft Skills? . . . . . . ... .. ... ... .....
1.1.2  Importance of Soft Skills and Behavioural Profile
Recognition . . . . .. ... oo oo
1.1.3  Soft Skills Measurements . . . . . .. .. ... .. ......
1.1.4  Psychometrics Models . . . . .. .. ... ... ... ...,
Industrial Agreements for Training for
Embedding Research Issues in Real-World Contexts. . . . . .. ..
Financial Implications of Creating Game-Based Approaches
Contextual Particularities and Selected
Direction: Defining our Research Subject . . . . . .. ... .. ..
Research Questions, Hypotheses,
and Objectives . . . . . . .. .
1.5.1 Hypotheses related to Objective A: A Game-Based Approach
Model which Foster Collaboration . . . . . . .. .. .. ...
1.5.2  Hypotheses related to Objective B: Streamline the gamifi-
cation . . . ... e
Research Methods . . . . . . . . . ... .. ... .. ... ......

2 Game-based Approaches History

2.1
2.2

Game-based Approaches’ Origins . . . . . . . ... ... .. ....
Introduction to Serious Games . . . . . . . . ... ... ... ...

ii

iv



Contents vi

2.3 Serious Games are not only Digital . . . . . . ... ... ... ... 25
2.4 Simulation Games are Serious Games . . . . . . .. ... ... L. 26
2.5 Edutainment Games, the Game-Based Learning Precursors . . . . . 27
2.6 Serious Gaming and Serious Game . . . . .. ... ... ... ... 29
2.7 Digital Game-Based Learning . . . . . .. ... ... ... ... .. 32
2.8 Play and Game Inspired Design: Overview . . . . . ... ... ... 33
2.9 Gamification and Toyification . . . . . .. .. ... ... ... ... 35
2.10 Conclusion . . . . . . . . . ... 40
3 Related Works 43
3.1 Human Resources and Game-based Approaches for Recruitment
and
Selection Processes . . . . . . . ... 44
3.1.1 Game-based Assessment to Enhanced Candidate Experience 46
3.1.2 Game-based Assessment to Enhanced Candidate Pool . . . . 46
3.1.3 Game-Based Assessment to Applicant Reactions to Selec-
tion Process . . . . . . . ... 49
3.1.4  Objective measurement in Game-Based Assessment . . . . . 51
3.1.5  Game-Based Assessment to Address Bias . . . . . . ... .. 52
3.1.6 Conclusion. . . . . . ... ... ... 55
3.2 Game-based Soft Skill Assessment . . . . . . ... ... ... ... 55
3.2.1 Simulations for Recruitment and Selection . . . . .. .. .. 56
3.2.2  Gamified Situational Judgement Tests . . . . . .. ... .. 59
3.2.3 Interactive Narrative Game and Gamified Situational Judge-
ment Test . . . . . . ... 62
3.3 Toward the Design and Conception of GSJT . . . .. .. ... ... 63
3.3.1 Stakeholders involved in Situational Judgement Test . . . . 64
3.3.2  Design and Conception of Situational Judgement Tests . . . 65
3.3.3  Design and Conception of Interactive Narrative Games . . . 66
3.3.3.1 Drama Manager in Interactive Narrative Games . 68
3.3.3.2 Non-Playable Characters in Interactive Narrative
Games . .. ... 69
3.3.3.3  Player Agency, Assessment System and Interactive
Storytelling . . . . .. ... Lo 70
3.3.4 Stakeholders involved in Interactive Narrative Games . . . . 72
3.4 Conclusion . . . . . . . ... 74

4 Proposing a Meta-Framework and a Preliminary Framework to

Generate a Gamified Situational Judgement Test 78
4.1 Meta-framework for designing and creating Gamified Situational
Judgement Test . . . . . . .. ... Lo 79

4.2 Toward a first framework: Identification and elaboration of the
stages involved in the
development of a GSJT . . . . .. .. ... ... L. 84
4.2.1 Stage 1: Defining the client request . . . . . . . . .. .. .. 85



Contents vil

4.2.2  Stage 2: Generating various traditional SJT

situations . . . . ... Lo 87
4.2.3 Stage 3: Screenwriting for INGs . . . . . . ... ... 89
4.2.4  Stage 4: Crafting the gamification based on ING. . . . . . . 90
4.2.5 Stage 5: Implementing the GSJT . . . ... ... ... ... 91
426 Conclusion. . . . . . . . . ... ... 92
4.3 Experimentation 1: A first GSJT . . . ... ... ... ... .... 92
4.3.1 Stage 1: Experiment Objectives . . . . . . . ... ... ... 93
4.3.1.1 Stage 1: Experimental Methodology . . . .. . .. 93
4.3.1.2 Stagel: Experimental GSJT design and development 93
4.3.1.3 Stage 1: Results . . . ... ... ... .. ..... 95
4.3.2  Stage 2: Experiment Objectives . . . . . . . ... ... ... 97
4.3.2.1 Stage 2: Participants . . . . . . ... ... 97
4.3.2.2 Procedure . . . ... ... oL 98
4.3.2.3 Stage 2: Results and discussion . . . . . ... ... 98
5 Proposing a Second Framework based on a Modular Model, Con-
jugated with a Drama Manager 104
5.1 Semi-Emergent Modular Gamified Situational Judgement Test Ap-
proach . . . . . .. 106
5.1.1 Narrative modules . . . . . . ... ... ... ... 107
5.1.2 Interfaces . . . . . .. . . . ... ... 108
5.2 Global Semi-Emergent Modular GSJT
Design Approach . . . . . . .. ... 109
5.2.1 GSJT stakeholders’ and Roles Identification . . . .. .. .. 109
5.2.2  Modular Production Workflow . . . . ... ... ... ... 112
5.3 A Drama Manager to Dynamically Generate a GSJT . . . . .. .. 114
5.3.1 Global Game State . . . . ... ... ... ... ....... 115
5.3.2 Narrative Module Library . . . . ... ... ... ... ... 116
5.3.3 Narrative Module Selector . . . . . .. .. ... .. ... .. 116
5.3.4 Narrative Module Adaptation Mechanism and
Narrative Feedback System . . . . . ... ... ... .... 120
53.5 Conclusion . . . . . . . ... 121
5.4 Experiment 2: A second GSJT,
Experimental Design and Objectives . . . . . ... ... ... ... 121
5.4.1 The Experimental Gamified Situational Judgement Test and
SIT o 122
5.4.2 Sample and Procedures . . . . . .. .. ... 123
5.4.3 Results and Discussion . . . . . ... ... ... ..., 124
5.4.4 Tests of the hypothesis . . . . . . ... .. ... ... .. .. 125
54.5 Conclusion. . . . . .. . .. ... 127

6 Proposing a Computational Psychometric Scoring System to Help
GSJT’s Psychometrics Teams 130
6.1 Scoring a Situational Judgment Tests . . . . . . ... ... .. .. 131



Contents viii

6.1.1  Scoring Methods: Modalities, Advantages and

Limitations . . . . . .. .. ... ... ... ... 132
6.1.2 Conclusion . . . . . . . .. ... ... 136

6.2 A Computational Psychometric Scoring
Approach . . . . . . . 136
6.2.1 Scoring Matrices, Behavioural Profile and Scoring System . . 137
6.2.2 A Hybrid scoring method approach . . . . ... .. ... .. 140

6.3 Experimentation 3: Computational
Psychometric Scoring System
Implementation, Experimental

Design and Objectives . . . . . . . .. . ... L. 144
6.3.1 Experimental Gamified Situational Judgment Test . . . . . . 144
6.3.2 Sample and Procedures . . . . . . ... ... ... ... ... 145
6.3.3 Results and Discussion . . . . . . .. ... ... ... 146
6.4 Conclusion . . . . . . . . ... 150

7 Machine and deep learning models to help the creation of realistic

non-playable characters 152
7.1 Why it’s important to have realistic
characters for soft skill recognition . . . . ... .. ... ... ... 152
7.2  Proposing dialogues personality classifiers. . . . . . . ... ... .. 153
7.3 Creation of a binary classifier for Non-Playable Characters Dia-
logues . . . . . 154
7.3.1 Stage 1: Document collection and labelization . . . . . . .. 155
7.3.2 Stage 2: Document Preprocessing . . . . . . . ... ... .. 156
7.3.3 Stage 3: Train and Generate the Models . . . . . . ... .. 158

7.4 Experimentation 4: Development and
implementation of NPC’s binary personality
classifiers, Experimental Design and

Objectives . . . . . . . . 159
7.4.1 Psychometry, Tools and Dataset . . . ... ... ... ... 159
7.4.1.1 MBTI and Big Five Typologies . . . . .. . . ... 160

7.4.1.2  Pre-study on the Correlation between the Big Five
and MBTT typologies . . . . . . ... ... ..... 161
7.4.1.3 Experiment Tools . . . . . .. ... ... ... ... 162
7.4.1.4 Game Pool & Dataset . . . ... .. ... ... .. 163
7.4.2 Experimental Method . . . . ... ... .. ... ...... 164
7.4.2.1 Dataset Analysis . . . . ... ... ... ... .. 164
7.4.2.2 Data Preprocessing . . . . . . ... ... ... .. 166
7.4.2.3 Model Training . . . ... ... ... ... ... .. 167
7.4.3 Supervised Machine Learning Algorithms . . . . . . . . . .. 167
7.4.4 Logistic Regression Algorithm . . . . . ... ... ... ... 168
7.4.5 Support Vector Machine Algorithm . . . . . ... ... ... 168
7.4.6 Naive Bayes Algorithm . . . . . .. .. ... .. ... .. .. 169

7.4.7 Decision Tree Algorithm . . . . . ... .. ... .. ... .. 170



Contents ix
7.4.8 Random Forest Algorithm . . . . ... ... ... . ..... 171

7.4.9 Deep Learning Algorithm Using Convolutional
Neural Network . . . . . ... ... ... ... ... ..... 172
7.4.10 Results and Discussion . . . . ... .. ... ... ..... 174
7.4.10.1 Supervised Learning Methods Comparison . . . . . 174
7.4.10.2 Limits of thestudy . . . . . ... ... ... ... 175
7.4.11 Conclusion . . . . . . . . . ... .. 176
8 General Conclusion 179
8.1 Our Contribution . . . . . .. ... .. ... ... ... ... 179
8.2 Perspectives and Future Research . . . . . . .. .. ... ... ... 181
Bibliography 186
Experimentation 1: Survey Questions 209



List of Figures

1.1 Estimated Total Hours Worked in Europe and the United States,
Comparison Between 2016 and 2030, in Billions * . . . . . ... ..
1.2 Our methodological approach . . . . .. ... ... ... ... ...

2.1 Conceptual map of Game-Based Approaches by Deterding et al.
(2016) . . .

22 Gameof Go . . . . ...
2.3 A Kriegsspiel Match in Progress (Photo by Kurzon - Wikipedia) . .
2.4 Oregon Trail Game . . . . . . . . ... ...
2.5 Math Blaster, Where in the World is Carmen Sandiego? and Reader
Rabbits Games . . . . . . .. ...
2.6 Zombies, Run! by Six to Start . . . . . ... ...
2.7 Fitbit Gamification Example by Fitbit company . . . . . . .. . ..
2.8 Re-Mission by HopeLab Foundation . . . . . ... .. ... .. ...
2.9 The Lego Serious Play by The Lego Group . . . . . .. . ... ...
2.10 Minecraft: Education Edition by Microsoft . . . . . . . . ... . ..

3.1 Reveal Serious Game by L'Oréal . . . . . .. . ... ... ... ...
3.2 America’s Army: Proving Grounds by United States Army . . . . .
3.3 My Marriott Motel by Marriott Hotels . . . . . .. ... ... ...
3.4 Model of Applicants’ Reactions to Employment Selection Process
and Outcome (from Gilliland, 1993, p. 700) . . . . ... ... ...
3.5 Suggested impacts of gaming elements on faking in game-based as-
sessment. (from Landers and Sanchez, 2022, p. 9) . . . ... .. ..
3.6 Circuit Runner game. The left division portrays the player’s nav-
igation and interactivity within the labyrinth, whereas the right is
subdivided into two segments. The upper subsection (A) showcases
the conversational history between the player and the virtual agent.
The lower subsection (B) presents the player’s possible responses
and prompts a numeric selection of these choices. [1] . . . . .. ..
3.7 Example of a Gamified Situational Judgement Test for soft skill
recognition by Owiwi 2 . . . . . . . . ... ...
3.8 Example of Interactive Narrative Games: Life is Strange, The Walk-
ing Dead, Danganronpa) . . . . . . . ... ... .. ...,
3.9 Situational Judgement Test Design and Production Process (From
Patterson and Driver, 2018, p. 82) . . . . . .. ... ... .. ...

3.10 Narrative Structure Categories . . . . . . . . . . . . . .. ... ...



List of Figures xi

3.11 Facade game by Mateas and Stern. . . . . . . ... ... ... ... 71
4.1 Gamified Situational Judgement Test Meta-Framework . . . . . .. 81
4.2 Gamify situational judgement test production timeline . . . . . .. 83
4.3 Gamified Situational Judgement Test Design Process in 5 Steps . . 85
4.4 Narrative Module Internal Structure Example . . . . . .. ... .. 95
4.5 Screenshot of the Result GSJT . . . .. ... ... ... ... ... 96
4.6 Clustering evolution of the forty-eight players . . . .. ... .. .. 100
4.7 Elbow method and K-means clustering on the sixty-five players after

the fifth game situation . . . . . . .. .. .. ..o 101
4.8 Players distribution by game score and soft skills . . . . .. .. .. 101
5.1 Traditional and Modular Gamify Situational Judgement Test . . . . 106
5.2 Narrative Modular combination . . . . . .. .. .. ... ... ... 109
5.3 Gamified Situational Judgement Test Design Process in 6 Steps . . 110
5.4 Modular Production Workflow . . . . . .. ... ... ... ..... 113
5.5 Dynamic Narrative Modular System . . . . . .. .. ... ... ... 115
5.6 Four Examples of the Narrative Module Selection . . . . . .. . .. 117
5.7 Example of an Assessment Module which assess ”Inquisitiveness”

soft skill in the Experimental GSJT Note: Character sprite and back-

ground are not from the actual game and are adapted from free-to-use assets

available on Freepik and created by "upklyak’ sur Freepik for illustration purposes.123
6.1 Example of Three Behavioural Profiles . . . . . ... ... ... .. 138
6.2 An example of a Narrative Module Decision Graph . . . . . . . .. 139
6.3 Psychometric Team Approach to Generate a Behavioural Profile . . 141
6.4 Computational Psychometrics Approach to Generate a Behavioural

Profile . . . . . . . 142
6.5 Computational Psychometrics Algorithm Process . . . .. ... .. 143
6.6 Euclidian analysis between three pairs of behavioural profiles . . . . 147
6.7 FEuclidian Analysis Box-plot Visualization for the Both Scoring System 148
7.1 Personality Classifier Generation Process . . . . . . .. .. .. ... 155
7.2 MBTI Dataset Distribution Analysis . . . . . ... ... ... ... 165
7.3 Classification process using CNN approach with spaCy Library . . . 173



List of Tables

4.1

5.1
5.2

6.1
6.2

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13

Cooperation Item’s Answer Scoring Grid . . . . . ... .. ... .. 89
Intercorrelations for all variables . . . . . . . .. .. ... ... ... 125
Means, standard deviations, and internal consistency reliability . . . 126
Example of a Rating Scale . . . . . . .. ... ... ... ... .. 138
Scoring Grid . . . . . . ... 145
Correlation between the Big Five traits and the MBTTI traits . . . . 161
Interpretation Cohen’s Kappa value . . . . . . ... ... ... ... 162
MBTT’s Traits Distribution. . . . . . . ... .. ... ... ..... 166
Big Five’s Traits Distribution . . . . . . .. .. .. ... ... ... 166
Logistic Regression Classifiers Evaluation . . . . . . ... ... ... 168
Support Vector Machine Classifiers Evaluation . . . . . . ... ... 169
Naive Bayes Classifiers Evaluation . . . . . . . ... ... ... ... 170
Decision Tree Classifiers Evaluation . . . . . . ... ... ... ... 171
Random Forest Classifiers Evaluation . . . . . ... ... ... ... 172
Convolutional Neural Network Classifiers Evaluation . . . . . . .. 173
Methods Comparaison for the MBTI Typology . . . . . .. .. .. 174
Methods Comparaison for the Big Five Typology . . . .. .. ... 174
Top classifiers by traits . . . . .. ... ... L 175

Xil



Abbreviations

HR
SSk
GBA
SJT
GSJT
ING
NPC
DM
RBP
GGS
NFS
FFT
RV
Ccp
L2
NLP
LR
SVM
DT
NB
RF
CNN
MBTI

Human Resources

Soft Skill

Game-Based Approaches
Situational Judgement Test
Gamified Situational Judgement Test
Interactive Narrative Games
Non-Playable Character
Drama Manager

Referential Behavioural Profile
Global Game State

Narrative Feedback System
Five-Factor Model

Response Vectors
Computational Psychometrics
Euclidean distance

Natural Language Processing
Logistic Regression

Support Vector Machine
Decision Tree

Naive Bayes

Random Forest

Convolutional Neural Network

Myers-Briggs Type Indicator

xiil



Fucilitating the Development of GBAs:

An In-depth Exploration of BPs and SSks Recognition via GSJTs. Xiv
OCEAN Openness, Conscientiousness, Extraversion, Agreeableness, and Neuroticism
SME Subject Matter Experts
SDT Self-Determination Theory
MMORPG Massively Multiplayer Online Role-Playing Game
FPS First-Person Shooter

UCD User-Centered Design



Chapter 1

Introduction

1.1 Research Context

In recent years, the fields of gamification and serious games have experienced
substantial growth, thanks to the integration of cutting-edge technology and inno-
vative design principles [2, 3]. This surge in interest has led to the application of
game-based approaches across various domains, including education, health,
and business [4-6]. The purpose of this PhD thesis is to explore the potential of
gamification and serious games in the realm of human resources, with a spe-
cific focus on soft skills and behavioural recognition in recruitment and

selection process.

1.1.1 What are Soft Skills?

The exact definition of ’soft skills’ has long been a subject of debate within
the academic community, largely due to its layered and multifaceted nature
and its roots embedded in diverse disciplines [7]. The term often serves as a
broad encompassing category, covering a wide range of non-technical abilities,
competencies, and attributes that are seen as vital for achieving success in both

personal and professional life [8].

The inherent multidimensionality of soft skills contributes to the difficulty in pin-
ning down a universally accepted definition. Depending on the perspective from

which they are viewed, soft skills can be conceptualised as personality traits,

1
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interpersonal and social skills, or cognitive abilities, among others [9].
Each of these perspectives provides a unique interpretation of soft skills, but none

is comprehensive enough to capture the full breadth and depth of the concept.

Firstly, from the perspective of personality traits, soft skills are considered as in-
nate attributes that influence an individual’s behaviour, interactions, and reac-
tions to different situations. For example, traits like conscientiousness, emotional
stability, and openness to experience have been found to have significant impacts
on job performance and career success [10]. However, this perspective can be crit-
icised for its relatively static view of personality traits as soft skills, as it may not
adequately account for the potential for growth and development in these skills

over time [9].

Secondly, when viewed as interpersonal skills, soft skills are seen as primarily
social abilities. This perspective emphasises the relational and communicative
aspects of soft skills, such as effective communication, teamwork, and conflict
resolution [11]. While these skills are undeniably crucial, this interpretation may
not adequately account for non-social components of soft skills, such as resilience

and self-regulation [12].

Finally, the perspective that views soft skills as cognitive abilities emphasises men-
tal processes, including critical thinking, problem-solving, and decision-making
[13]. While these cognitive skills are an essential part of the broader soft skills
framework, an overemphasis on this perspective might undervalue the importance
of emotional and social competencies, which are equally crucial in many personal

and professional situations [9].

The variety of interpretations of soft skills reflects their complexity and underscores
the challenges faced by researchers, educators, and practitioners in defining and
operationalising this concept. However, this definitional ambiguity also attests to
the richness and breadth of the concept, highlighting the diverse range of human
capabilities it embodies, extending beyond the boundaries of personality traits,

interpersonal interactions, and cognitive processes.

In this thesis, for the sake of clarity and consistency, we use the term ’soft skills’

as an overarching term to cover all related interpretations and aspects. This
decision recognises and respects the multifaceted nature of soft skills and their
importance in recruitment and selection processes. It is important to note, how-

ever, that the usage of the term ’soft skills’ in this context does not negate or
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simplify the complexities associated with defining this term. Instead, it serves as
a pragmatic approach that facilitates a cohesive exploration and understanding of

this complex and multifaceted concept in our context of recruitment and selection.

1.1.2 TImportance of Soft Skills and Behavioural Profile

Recognition

In today’s competitive job market, soft skills have emerged as vital factors in de-
termining an individual’s success and employability [9, 14]. Soft skills, unlike hard
skills, which pertain to technical and job-specific abilities, may refer to personality
and behavioural traits and to non-technical, interpersonal, and social skills that
enhance an individual’s performance across various industries and roles [7, 15].
These skills, which are less tangible and more difficult to quantify, have gained

increasing prominence in the modern workplace.

Indeed, communication, adaptability, and emotional intelligence are some exam-
ples of soft skills that play a crucial role in fostering effective workplace relation-
ships and enhancing overall performance [8, 16]. Other essential soft skills include
problem-solving, teamwork and collaboration, time management, and leadership,
which contribute to an individual’s ability to navigate complex work environments

and drive organisational success [14].

The shift towards knowledge-based economies and the impact of automation have
necessitated a greater emphasis on soft skills in the workforce. Manyika and
Sneader [17] suggest in their study that as routine tasks become automated, em-
ployees will need in the near future to demonstrate advanced cognitive, social,
emotional and interpersonal skills to remain competitive in the job market (see
Fig 1.1).

Adaptable and versatile employees are highly sought after in rapidly changing
work environments, as they can quickly adjust to new technologies, processes, and
organisational structures. Furthermore, emotional intelligence and empathy have
gained importance in diverse teams, as they facilitate cross-cultural communica-

tion and foster a positive work environment [16].

'Source: McKinsey Global Institure Workforce Skills Model; McKinsey Global Institute anal-
ysis
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Source: McKinsey Global Institute Workforce Skills Model; McKinsey Global Institute analysis

FIGURE 1.1: Estimated Total Hours Worked in Europe and the United States,
Comparison Between 2016 and 2030, in Billions !

Employers increasingly recognise the importance of soft skills and integrate their
assessment into recruitment and selection processes [9, 18]. On one hand, re-
cruitment is the process of attracting, engaging, and encouraging qualified
individuals to apply for job openings within an organisation [19]. The primary
objective of recruitment is to create a pool of potential candidates from which
the organisation can select the most suitable individuals for the job [20]. Recruit-
ment methods often involve a combination of job advertisements, talent sourcing,

campus recruitment, and job fairs.

Selection, on the other hand, is the process of evaluating candidates who have
applied for a job to determine which individuals best fit the requirements of the
position and the organisation’s culture [21]. The main objective of selection is to
predict future job performance and minimise the risk of a poor hire [22]. Selec-
tion methods typically involve a combination of assessments, such as interviews,

cognitive ability tests, and personality assessments [23].

Subjectivity and bias in evaluation, as well as the difficulty in quantifying soft
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skills, present challenges in their assessment during recruitment and selection pro-
cesses [9]. These challenges necessitate the development of reliable and valid meth-

ods for assessing candidates’ soft skills.

Incorporating soft skills in recruitment and selection processes can lead to im-
proved employee performance, enhanced team dynamics, and increased job
satisfaction [9, 14]. Moreover, the focus on soft skills can contribute to a re-
duction in employee turnover and associated costs, as well as foster organisational

adaptability and resilience in the face of rapid changes and challenges [24].

In conclusion, the growing importance of soft skills in the job market underscores
their significance in recruitment and selection processes. By integrating soft skills
assessment into hiring strategies, organisations can better identify individuals who
possess the right mix of technical and interpersonal abilities to succeed in their

roles.

1.1.3 Soft Skills Measurements

Soft skills, despite their noted importance, pose significant measurement chal-
lenges for researchers and practitioners, largely attributed to their subjective, mul-
tifaceted, and context-dependent nature [7]. Soft skills are difficult to quantify,
and their manifestation can greatly vary depending on the situational context,
personal dispositions, and cultural influences [25]. Therefore, designing a univer-
sally applicable metric for their measurement is no small task. Various methods
have been proposed and utilised for assessing soft skills, each offering distinctive
advantages but also possessing inherent limitations, necessitating the use of a com-
bination of methods for a more holistic evaluation [26]. We present in the following

a non-exhaustive list of approaches used to measure soft skills.

e Self-report questionnaires are a prevalent method for assessing soft skills,
primarily due to their cost-effectiveness and streamlined data gather-
ing. These questionnaires typically involve a series of statements to which
individuals respond, reflecting their self-perceived proficiency in various soft
skills. However, self-report measures have been criticised for their suscep-

tibility to bias. Respondents may tend to portray themselves favourably,
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providing socially desirable rather than truthful responses [27]. Addition-
ally, individuals may lack accurate self-perception, leading to inconsistencies

between self-reported and actual skill levels [28].

e Observer ratings, which include assessments by peers, teachers, or supervi-
sors, offer an alternative method for assessing soft skills. Unlike self-reports,
observer ratings provide an external perspective on an individual’s soft
skills, potentially offering more objective insights [29]. However, these as-
sessments are not without their limitations. The accuracy of observer ratings
can be influenced by various factors, including the rater’s personal bias, the
quality of their relationship with the person being rated, and their exposure

to the individual’s behaviour across different contexts.

e Performance tasks, frequently used in the assessment of cognitive soft
skills such as critical thinking or problem-solving, involves participants per-
forming specific tasks while their performance is evaluated [9]. This method
offers a more direct measure of soft skills, as it allows for the observa-
tion of these skills in action. Despite its benefits, the use of performance
tasks can be resource-intensive, requiring considerable time and expertise to
develop, administer, and evaluate. Furthermore, performance tasks often fo-
cus on specific skills in isolation, potentially overlooking the integrated and

context-dependent nature of soft skills.

e Behavioural simulations, such as role-plays or group exercises, present
another approach to the assessment of soft skills. These simulations provide
a dynamic and interactive context for individuals to demonstrate their
soft skills in response to realistic scenarios [30]. However, the artificiality
of these scenarios and the awareness of being evaluated may influence par-
ticipants’ behaviour, potentially compromising the ecological validity of the

assessment [31].

In conclusion, while the measurement of soft skills is fraught with significant chal-
lenges due to their complex and multifaceted nature, adopting a multi-method
approach that leverages a combination of assessment techniques can offer a more
comprehensive and robust evaluation of these competencies [26]. Therefore, organ-
isations may use psychometrics models to help them in their behavioural recogni-

tion endeavour.
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1.1.4 Psychometrics Models

Among the various methods used to assess potential employees, personality
models have gained prominence due to their ability to predict job performance
and success across a range of occupations and industries [10, 32]. This thesis
relies on three of the most widely used personality models in companies for re-
cruitment and selection, namely the Big Five Personality Traits, also known as
the Five-Factor Model (FFM), the Myers-Briggs Type Indicator (MBTI), and the
HEXACO model [33].

To begin with, the Big Five Personality Traits or the FFM is a widely accepted
model that identifies five key personality traits: Openness, Conscientiousness,
Eztraversion, Agreeableness, and Neuroticism (OCEAN) [34]. The FFM has gar-
nered substantial empirical support and is regarded as a reliable tool for predicting
job performance and success [10, 32]. Moreover, this model’s applicability extends
across various cultures and languages, making it a versatile instrument for assess-

ing individuals in diverse contexts [35].

However, despite its numerous strengths, the FFM has been criticised for certain
limitations. For instance, Block [36] argued that the model may not capture the full
complexity of human personality, while McAdams [37] claimed that its reductionist
nature confines individuals to just five traits, which may not accurately represent

their unique personalities.

In contrast to the FFM, the MBTT categorises individuals into 16 distinct per-
sonality types based on four dichotomous dimensions: Fxtraversion-Introversion,
Sensing-Intuition, Thinking-Feeling, and Judging-Perceiving [38]. This model is
popular in organisations for purposes such as team building, leadership develop-
ment, and career counselling [39, 40]. One of its major advantages is its ease of
understanding and application in organisational settings, making it a practical

tool for promoting self-awareness and team development [41, 42].

Nonetheless, the MBTT has received criticism for its lack of empirical support and
reliability when compared to the FFM [40, 42]. Furthermore, the dichotomous na-
ture of the dimensions in the MBTT has been criticised for oversimplifying human

personality, leading to concerns about the accuracy of the model [43].

Finally, the HEXACO model is another prominent personality model that has
emerged in recent years as an alternative to the FFM and MBTI. The HEXACO
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model identifies six key personality dimensions: Honesty-Humility (H), Emo-
tionality (E), Extraversion (X), Agreeableness (A), Conscientiousness (C), and
Openness to Experience (0) [44]. This model has gained traction in the academic
community due to its ability to predict work-related behaviours and outcomes, as

well as its cross-cultural applicability.

One of the primary advantages of the HEXACO model is its inclusion of the
Honesty-Humility dimension, which distinguishes it from the FFM. This additional
dimension allows for a more comprehensive understanding of individual person-
alities by capturing aspects related to integrity, sincerity, fairness, and modesty.
Furthermore, Ashton et al. [44] argue that the HEXACO model has demonstrated
strong psychometric properties, including reliability and validity, making it a ro-
bust tool for predicting job performance, team dynamics, and leadership poten-
tial. The researchers also suggest another advantage of the HEXACO model is
its cross-cultural applicability, which has been demonstrated through numerous
studies conducted across different countries and languages. This suggests that
the HEXACO model may be particularly useful for organisations with a global

presence or those that are culturally diverse.

Despite its strengths, the HEXACO model also has some limitations. One of the
concerns is that it may be more complex than the FFM due to its inclusion of an
additional dimension, which could make it more challenging for practitioners to
apply and interpret [44]. Additionally, although the HEXACO model has gained
increasing recognition and support in the academic literature, it is still relatively
less established compared to the FFM and MBTT.

In conclusion, the FFM, MBTI, and HEXACO models each have their own merits
and drawbacks as personality models used for recruitment and selection in com-
panies. The FFM boasts strong empirical support, reliability, and applicability
across cultures but has been criticised for its reductionist nature and potential
failure to capture the complete range of human personality traits [36, 37]. On
the other hand, the MBTI is easy to understand and apply but lacks empirical
support and reliability compared to the FFM, raising questions about its over-
all effectiveness in assessing individual personalities [40]. Finally, the HEXACO
model, with its additional Honesty-Humility dimension, offers a more comprehen-
sive understanding of personality, demonstrating strong psychometric properties
and cross-cultural applicability, but its complexity and relative novelty may limit

its widespread adoption.
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Although each model possesses its own unique set of strengths and limitations,
their continued use in companies can be attributed to factors such as empirical
support, practicality, and ease of implementation. In addition, despite the ongoing
debate within the academic community regarding the validity and comprehensive-
ness of these models, organisations continue to rely on them for assessing individual
characteristics and aptitude for various roles. Therefore, we base our research on
the three following personality typologies in order to follow the thesis objectives
while remaining mindful of the potential limitations inherent in the reductionist

nature of personality typologies.

Finally, organisations not only tend to propose reliable and coherent selection
methods but also tend to propose a great experience for the candidate for
recruitment purposes. Therefore, a balance between recruitment and selection is

required by organisations.

Building on this foundation, our contribution intends to situate itself within the on-
going exploration of these personality models. Our aim is to be tool-independent,
striving for a generic methodological approach that can be applied, whether it’s
through a model created by an individual based on a questionnaire or any other

existing tool.

By default, we utilise what already exists in the realm of personality assessment.
However, the heart of our contribution lies in the capacity to adapt to any tool.
Our work is designed to be flezible and universally applicable, adding to the versa-
tility of personality assessment. This adaptability may enhance the utility of per-
sonality assessment in recruitment and selection processes, facilitating the match

between individuals and organisations in a more efficient and effective manner.

1.2 Industrial Agreements for Training for
Embedding Research Issues in Real-World

Contexts.

This thesis work commenced under the CIFRE? agreement at Origamix, a startup

with limited resources. The research was informed by observed practices and field

2Industrial Training and Research Agreement: https://www.anrt.asso.fr/fr/le-dispositif-cifre-
7844
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issues identified through various client projects within the company. However, due
to company reasons, the agreement was terminated at the end of the second year
of the thesis. Consequently, the final year of the thesis took place within the LIP6
in the MOCAH team.

Origamix specializes in gamification for human resources. Its core business in-
volved designing and producing physical serious games * for clients from diverse
sectors (industry, banking and insurance, clothing, services) and various sizes

(small to large-scale companies).

The evolutions in the human resources market and need have led the company to
take an interest in new innovative approaches, particularly in the use of digital
games for recruitment and selection purposes. Indeed, Origamix receives several
inquiries to create various serious games with a short game duration to evaluate
a large volume of diverse player behavioural profiles. Hence, the research con-
ducted in this thesis was inspired by these innovative requirements and highlights
the company’s ambition to discover alternative applications of serious games for
recruitment and selection purposes. The objective is to capitalize on the numer-
ous advantages of digital serious games and technologies, transcending traditional
assessments or digital tests by developing game-based assessments for recruitment

and selection processes.

1.3 Financial Implications of Creating Game-Based

Approaches

One major concern in creating game-based assessments is the considerable finan-
cial investment required to develop and implement these game-based tools. The
development of a game-based approach necessitates significant financial invest-
ments in design, programming, and testing to ensure the effectiveness, reliability,
and validity of the assessment. For example, Marfisi-Schottman [45] highlighted

that the production cost for America’s Army* game [46], one of the first games

3A serious game is a type of interactive digital or physical game designed to achieve specific
learning, training, or problem-solving objectives while engaging and entertaining its players. (see
extensive definition at 2.2)

4America’s Army is a series of first-person shooter (FPS) video games developed by the United
States Army as a recruitment, communication, and training tool.
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used for recruitment purposes, was more than 30 million American dollars. The re-
searcher also estimates that serious games may cost between 10 to 300,000 dollars,
based on the study of Aldrich and Millet [47, 48].

Firstly, creating a game-based approach requires a multidisciplinary team of
professionals, including game designers, software developers, and subject matter
experts, to design engaging game scenarios and align them with the assessment
criteria [49]. Moreover, the development process involves iterative testing and re-
fining the game-based approach to guarantee accurate and reliable results [50].
The initial development costs for a game-based approach can be substantial, es-
pecially for smaller organisations or those with limited budgets. As a result, the
associated development costs may hinder its widespread adoption and present a

significant financial challenge for organisations considering this approach.

In addition, customizing a game-based approach to meet the specific requirements
of an organisation and its recruitment and selection process adds to the overall
cost of creating these assessment tools. Indeed, customization may involve tailor-
ing the game’s content, difficulty levels, and assessment criteria to align with the
organisation’s industry, job roles, and desired candidate competencies [51]. Con-
sequently, the additional costs associated with customization contribute to the
overall financial burden of adopting a game-based approach for recruitment and

selection purposes.

Finally, maintaining a digital game-based approach tool requires consistent invest-
ments in technical support to address software issues, ensure system compatibility
with evolving technology, provide user assistance, and evolve the game with the
market evolution. Additionally, game-based approach tools must be periodically
updated to remain relevant and engaging, necessitating further investments in de-
sign, programming, and content development. The continuous maintenance and
update costs for a game-based approach may strain an organisation’s resources,
potentially making it a less viable investment option compared to traditional as-
sessment methods. Thus, the long-term costs of maintaining and updating game-
based approach tools present an additional financial challenge for organisations

considering this approach for recruitment and selection processes.

In conclusion, the creation of game-based assessments for recruitment and selection
processes involves substantial financial investments in development, cus-

tomization, and maintenance. The high costs associated with each of these
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stages may present a significant barrier to the adoption of a game-based approach,
particularly for smaller organisations or those with limited budgets. Moreover, ad-
ditional challenges emerge from constraints that are delineated in the subsequent
section. In the course of this thesis, we aim to propose strategies and solutions
that could potentially alleviate these barriers and challenges, thereby fos-
tering more widespread use of game-based assessments in various organisational

contexts.

1.4 Contextual Particularities and Selected

Direction: Defining our Research Subject

In our context, addressing the recurring characteristics and needs of companies
and organisations seeking game-based assessments is essential. In the following,
we aim to analyse and address several key challenges faced by these organisations

in designing and implementing assessments:

e Customization and adaptability: Organisations and companies often
require assessments tailored to their specific professional context, in-
dustry, or organisational culture. As a result, assessments should be
designed with flexibility in mind, allowing for customisation to suit various

contexts and address unique challenges faced by different stakeholders.

¢ Engagement and motivation: In order to maintain stakeholder interest
and ensure effective soft skill and behavioural assessment, it is crucial to
create game-based assessments that are both engaging and motivating.
This can be achieved by incorporating game elements, such as narratives,
challenges, and rewards, that resonate with the target audience and stimulate
their curiosity and desire to participate in the recruitment and selection

process.

e Real-world relevance: Organisations and companies generally look for
assessments that align with their specific professional contexts when recruit-
ing and selecting candidates. These assessments should enable candidates
to demonstrate how their skills and knowledge can be applied directly to
their potential job responsibilities. Consequently, it is crucial to create as-

sessments for recruitment and selection purposes that emulate real-world
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situations and challenges, promoting the evaluation of practical soft skills

in candidates.

e Scalability and accessibility: As organisations and companies may op-
erate on different scales, both nationally and internationally, it is crucial to
design assessments that accommodate candidates from various geo-
graphical locations and technical backgrounds. This can be achieved
by ensuring that the assessments are accessible through multiple platforms
and devices, as well as providing support for different languages and cul-
tural contexts. Furthermore, it is essential to create inclusive assessments
tailored for recruitment and selection that consider the diverse socio-cultural
backgrounds of potential candidates. This promotes equal opportunity and

accessibility for all applicants.

e Collaboration and social interaction: Professional contexts often in-
volve collaborative work and interpersonal communication. Assessment means
should also assess soft skills such as teamwork, knowledge sharing, and the
co-creation of solutions by incorporating collaborative tasks and opportu-
nities for social interaction. However, since assessment means need to be
accessible to candidates individually and at any time, the design should in-

clude situations that emulate teamwork scenarios.

e Data-driven insights and feedback: To optimise the assessment experi-
ence and drive continuous improvement, organisations and companies require
assessments that provide actionable insights and feedback. Assessments
should be designed to collect and analyse relevant data, allowing stakehold-
ers to identify trends, track progress, and make informed decisions about

future recruitment and selection initiatives.

e Time-efficient and concise: It is essential to design assessment means
to be time-efficient and concise. Candidates and hiring managers often
have limited time available during the recruitment process, so assessments
should be designed to quickly and effectively evaluate the necessary skills

and competencies without causing unnecessary delays.

e Cost-effective and budget-friendly: As explained in the previous para-
graph, human resources departments often face financial constraints and
limited budgets for recruitment and selection processes. As a result, it is cru-

cial to design assessments that are cost-effective and budget-friendly,
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as well as offer scalable pricing models that accommodate various organisa-

tional sizes and resource allocations.

1.5 Research Questions, Hypotheses,
and Objectives

Drawing from the observations and requirements discussed in earlier sections,
and in response to Origamix’s request, our research concentrates on one hand
on proposing a game-based approach followed by production frameworks and a
model to create a serious game for soft skill and behavioural recognition. On the
other hand, we focus our research on assisting the design and production of
a game-based approach based on the proposed model. Consequently, we have
identified two primary research objectives that we intend to explore and address

throughout this thesis:

e Objective A: Propose a digital game-based approach model to foster an
immersive gaming and assessment environment. With the aim to enhance
understanding of applicants’ behaviours, personalities and organisational fit,
all while promoting heightened engagement and sustained motivation among

participants.

e Objective B: Propose strategies and innovative solutions to facilitate and
assist a game-based assessment creation and gamification process that at-
tains similar efficacy and behavioural identification results as conventional

recruitment and selection techniques.

In the next paragraph, we introduce the hypotheses that we set for this thesis,
aiming to identify effective solutions to address the dual research objectives we

have outlined.

1.5.1 Hypotheses related to Objective A: A Game-Based
Approach Model which Foster Collaboration

The primary research question focuses on identifying and proposing a game-based

approach model for behavioural recognition. On the other hand, we also focus on
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enhancing collaboration among the various stakeholders involved in developing a
game-based approach. Our goal is to provide these stakeholders with a clear and
well-defined understanding of their tasks and the sequence in which they must be

executed in order to streamline the collaborative process.

In order to address this question, we have formulated several hypotheses, which

will be discussed in detail in Chapters 4 and 5:

e [s our game-based approach model proposal enabling the generation of an
immersive serious game to recognise soft skills for the recruitment and selec-

tion process?

e Can the development and application of a meta-framework facilitate the
establishment of specialized frameworks that provide a clear delineation of
roles and responsibilities of all parties involved in the design and production
process? This approach may enhance clarity and effectiveness in the game-

based behavioural recognition process.

1.5.2 Hypotheses related to Objective B: Streamline the

gamification

The second research question addresses the assistance in enhancing the gamifica-

tion process for traditional recruitment and selection methods.

To address this question, we have formulated several assumptions that we will

discuss in Chapters 5, 6 and 7:

e A dynamic narrative interactive approach may propose an efficient way to
enable a unique experience and foster replayability of a game-based approach

for recruitment and selection purposes.

e The application of computational psychometrics may assist psychometric

experts in developing a relevant in-game soft skill measurement system.

e By employing machine learning and deep learning techniques, it is possible
to classify non-playable character (NPC) personalities in order to enrich and

heighten the significance of in-game interpersonal interactions.
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1.6 Research Methods

Our investigation is grounded in a thorough review of the history of research and
application domains related to using game-based approaches for serious purposes,
as presented in Chapter 2. This exploratory and foundational study paves the way
for establishing distinct research phases. These phases are designed to facilitate
the development of proposals that address the overarching goal: to support the
design and creation of a game-based approach tool for recognising behavioural and

soft skills within the context of selection and recruitment processes.

Following the game-based approaches exploratory study, our research was divided
into three separate work phases, which guided the development of proposals aimed

at addressing the identified problem (see Figure 1.2).

e The initial phase of our project is devoted to comprehensive theoretical in-
vestigations, which serve as both an exploratory and foundational structure.
This study enables us to gain a deeper comprehension of the multifaceted
domain in which our research is situated, ultimately leading to a struc-
tured representation. Subsequently, our focus narrows down to scrutinise
particular aspects of our research, given the broad spectrum of gamification
approaches available for recruitment and selection, as unveiled during our ex-
ploratory research. As an outcome, we delve into and elucidate the emergent
notion of Gamified Situational Judgement Test (GSJT), including its

design and manufacturing processes.

e In the second phase of the research, our attention pivots towards formulating
proposals that specifically address the hurdles involved in assisting multiple
stakeholders in the design and conception of Gamified Situational Judgement
Tests. Initially, these proposals emerge as a meta-framework to streamline
efficient collaboration among design stakeholders. This strategy accentuates
the gamification process and offers two initial frameworks and a mod-
ular design structure model for crafting in-game situations. We also
introduce a drama manager designed to facilitate the automatic genera-
tion of unique GSJTs, thus augmenting their replayability and ensuring
a diverse array of scenarios for users to engage with. In addition, we also
propose an approach to aid psychometric experts in initialising the GSJT

scoring system via a computational psychometric scoring system. We
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further propose to assist writers in crafting character dialogues, accurately

reflecting realistic personalities based on binary classifiers.

e Lastly, in the third and final phase of the thesis, we delineate the outcome
of our experimental procedures, with the objective of answering our research
questions and goals. In pursuit of Objective A, which centres around propos-
ing strategies to generate a game-based assessment for behavioural recog-
nition efficiently, we implement our frameworks and evaluate them using
two Gamified Situational Judgement Test prototypes: an initial GSJT
based on the first framework, which subsequently undergoes revisions and
improvements, and a second GSJT grounded on our second framework
and the implementation of a dynamic modular system. Concurrently, in line
with Objective B, which focuses on exploring the facilitation of stakeholders
in enhancing the gamification process of a traditional situational judgement
test used in recruitment and selection methods, we implement our innovative
‘computational psychometric scoring system to assess participants’ responses
in an experiment based on the refined first GSJT. Besides the GSJT, we also
construct and appraise our character personality classifiers. We scrutinise
the dialogues of various game characters and employ our classifiers to assign

personality traits to each individual character.
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This chapter introduces our research context, focusing on
Soft skill and behavioural recognition for selection

and recruitment purposes.

The chapter established that soft skills encompass traits
such as personality attributes, interpersonal and
social proficiencies, and cognitive capabilities, among
various other. It then examined their significance and the
imperative to identify behavioural profiles for recruitment
and selection purposes. The topic of how to measure soft
skills was also addressed, touching upon various psychome-

tric models used in their assessment.

Following this, the chapter delved into the specific aspects of
our research subject, soft skill and behavioural recognition
through Game-Base Approaches, while considering their

financial implications for companies.

Hence, we defined our primary thesis’s scope, direction and

objectives by providing two specific objectives:

e Objective A: Develop a game-based approach for

immersive behavioural assessment

e Objective B: Propose innovative strategies to
streamline the creation and gamification pro-

cess.

To address these objectives, we formulated the hypotheses
based on preliminary studies of existing approaches in this

chapter. Lastly, we detailed our research methodology.



Chapter 2

Game-based Approaches History

Game-based approaches have a long and rich history in various fields, including
education, psychology, and human-computer interaction. The use of games for
learning and training purposes has been documented as far back as the antiquity
centuries, and the popularity of video games in the latter half of the century has

led to a renewed interest in game-based approaches across many different domains.

In this chapter, we will explore the history of game-based approaches in
depth, drawing on the work of scholars in the domain to provide a comprehensive
overview of the evolution of this field over time. We will begin by examining the
earliest uses of games for learning and training, including military simulations and
board games used for educational purposes. We will then explore the rise of
video games and computer-based simulations and their increasing use in

areas such as healthcare, business, and the military.

Throughout this chapter, we will explore the fundamental theoretical and practical
considerations pertaining to game-based approaches based on Deterding’s study
[52] and his conceptual map of game-based approaches (refer to Figure 2.1). We
will delve into their efficacy for learning and training, the significance of game
design and player engagement, and the diverse range of game-based approaches
employed in different domains. By the conclusion of this chapter, readers will
possess a comprehensive grasp of the historical development of game-based ap-
proaches, along with an understanding of the current landscape and potential

future directions in this field.

20
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F1cURE 2.1: Conceptual map of Game-Based Approaches by Deterding et al.
(2016)

2.1 Game-based Approaches’ Origins

Throughout history, games and play have been used for more than just leisure
activities but also as essential elements for game-based approaches (GBA).
According to Herodotus’ Histories', games were invented by the Lydians as a
distraction from a prolonged period of famine [53]. The games included dice,
knucklebones, balls, and others. In Sophocles’ plays, the Greek hero Palamedes is
credited with creating the game of pawns during the Trojan War. The game was
invented to alleviate the tension and conflict caused by a famine that threatened
to tear apart the Achaean army. Hence, games were created to soothe stress and
tension and maintain social community cohesion through entertainment. Enter-
tainment often refers to activities such as games that provide enjoyment, pleasure,

and amusement. It also refers to a way to engage and keep a person’s thoughts.

Additionally, Krentz [54] reveals that in Plato’s Republic?, the play was highly
related to the education of the citizens in establishing a better and just city. Krentz
highlights that the Greek terms paideia, paidia, and paides, which respectively

mean education/culture, play/game/pastime/sport, and children, share the same

Histories (Herodotus) - https://en.wikipedia.org/wiki/Histories_(Herodotus)
2Republic (Plato) / https://en.wikipedia.org/wiki/Republic_(Plato)
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etymological root. As a result, these three terms are frequently used in the same

context in Greek.

In another context, play and game concepts also show prominence in teaching
behavioural and military skills. The Chinese emperor Yao invented the game of
Go 2.2 to teach his son the virtues of discipline, concentration, and balance. The
game is played by two players who take turns placing black and white stones on
a grid with the aim of capturing their opponent’s stones. Due to its strategic
and tactical elements, Go gained popularity as a leisure activity among Chinese
military leaders. However, from a leisure activity to a serious activity, the game
revealed its potential as a training tool in the art of war. The classic military
treatise, The Art of War by Sun Tzu [55], highlights the applicability of Go’s
principles to military strategy. As such, the game served as a platform for training

in tactical thinking, deception, and psychological warfare [56].

FIGURE 2.2: Game of Go

Likewise, in the 19th century, the Prussian military strategist, General Carl von
Clausewitz, was often credited with laying the groundwork for using game-based
approaches as training tools for military purposes. Clausewitz emphasized the
importance of understanding the enemy’s strategic objectives and the need for a

structured, analytical approach to military planning [57]. Therefore, in the early
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19th century, the Prussian army, following the works of Reisswitz Sr. and Jr., be-
gan developing a game-based approach that may be referred to as a simulation
game that simulated military scenarios in order to train their officers in strategic
planning and decision-making [58]. This simulation game was called Kriegsspiel,
which means war game. The game provides a realistic simulation of the complexi-
ties of battle and teaches officers how to analyze and respond to different strategic
situations. The popularity of war games quickly spread from the Prussian army to
other military academies across Europe. By the late 19th century, many military
academies used war games as essential to their training programs. These games
were played using tabletop maps, specific miniature soldiers, and complex rule sets
and often involved multiple players taking on different roles within a simulated mil-
itary campaign (see Figure 2.3). Such use and design of physical elements may be
called serious toy design. Indeed, serious toy design [52] refers to the process
of designing toys with a specific purpose beyond just entertainment. These toys
often aim to educate, develop certain skills, or address specific challenges or needs
[59]. In the context of war games, miniatures are often meticulously designed to
replicate real-world units, vehicles, terrains, and equipment. This level of detail
aids in providing an authentic representation of warfare, which can be crucial for
historical accuracy or strategic training. Finally, the impact of war games on mili-
tary strategy and planning was significant, with many military leaders citing their

value in improving decision-making and developing strategic thinking [60].

FIGURE 2.3: A Kriegsspiel Match in Progress (Photo by Kurzon - Wikipedia)

The use of war games continued to evolve in the 20th century as new technologies
allowed for the development of more advanced simulations. In particular, the de-

velopment of computer technology in the mid-20th century led to the creation of
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computer-based war games, which allowed for even more realistic simulations
of military scenarios. Military academies and training centres worldwide use it
to prepare their officers for various real-life scenarios. Indeed, Djaouti et al.
[61] discuss the development of computer-based war games for military training
purposes, explicitly highlighting the example of Hutspiel. Hutspiel was a highly
detailed war game created in 1955 by the Operations Research Office at Johns Hop-
kins University, which allowed players to simulate the impact of nuclear weapons
on a global battlefield. Several other war games, including T.F.M.P.E.R., a cold
war simulation game, as well as the game AGILE, designed to simulate insurgency
and counterinsurgency operations, were created in the 1950s and 60s, mainly by
the Joint War Games Agency and a team led by Clark Abt.

2.2 Introduction to Serious Games

Clark Abt [62] is well-known for his contributions to simulation games for military
purposes and his research that laid the foundations for using games as tools for
serious purposes such as education, training, public policy, and social change.

Indeed, Clark Abt proposed and defined the term serious games as:

o Games that may be played seriously or casually. We are concerned with
serious games in the sense that these games have an explicit and carefully
thought-out educational purpose and are not intended to be played primarily
for amusement. This does not mean that serious games are not, or should

not be, entertaining.

Abt’s definition puts any simulation game under the umbrella of serious games.
However, several definitions have been proposed in the scientific literature, showing
a diversity of concepts used to describe the term serious games. One of the more
general definitions comes from Chen and Michael [3], who describe serious games

as games whose first purpose was not mere entertainment.

Zyda [63] proposes another more specific definition that defines serious games as
a mental contest, played with a computer following specific rules, that uses en-
tertainment to further government or corporate training, education, health, public

policy, and strategic communication objectives. This last definition incorporates
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the use of computer machines. It specifies that serious games are mental contests
rather than mere games. Sawyer [64], the founder of The Serious Game Initiative
in 2002, an independent institution aimed at developing Serious Games and the
industry surrounding it, has also put forward a definition that aligns with the use
of technology and video games outside of entertainment. Alvarez and Djaouti [65]
also proposed a similar definition: A serious Game is a computer application, for
which the original intention is to combine with consistency, both serious (Serious)
aspects such as non-exhaustive and non-exclusive, teaching, learning, communica-
tion, or the information, with playful springs from the video game (Game). While
different definitions exist, they all share the common thread of games being used
as a tool to achieve serious objectives. Ultimately, serious games have great
potential to engage learners and affect meaningful change in various fields. In
conclusion, serious games can include various types of games that may not only
be digital and used for serious purposes such as education, training, public policy,

or social change.

2.3 Serious Games are not only Digital

Alvarez and Djaouti [65], revealed that Kevin Corti point of view, the CEO of
PIXELEarning®, may not agree with the narrow definition that serious games are
only using computer technologies. Others agreed with the fact that serious games
are not only digital. For example, The New Alexandria Simulation: A Serious
Game of State and Local Politics is a simulation game designed to help teach
students about state and local politics [66]. The game is based on the idea that
in-game cities are centres of learning, culture, and innovation. In the game, stu-
dents take on roles such as mayor, city council member, or business owner and
work together to make decisions that affect the city’s growth and development.
The game includes a range of scenarios, from economic development and environ-
mental issues to social justice and public safety. The simulation is designed to be
highly interactive and engaging, with players learning about the complexities
of real-world political issues and the challenges of working together to make de-
cisions that benefit the community. Students gain a deeper understanding of the

political process and how local government works by participating in the game.

SPIXELEarning is specialized in the design and development of serious games and immersive
learning solutions
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Nevertheless, it is a simulation made in real life without any technology. Other
studies revealed that serious games that do not need to rely heavily on technology,
known as offline, facilitated game-based experience. These offline games offer a
range of benefits, including increased social interaction, lower costs, and the ability
to reach audiences with limited access to technology. For example, Fishbanks is a
role-playing game designed to teach players about managing renewable resources
such as fish stocks [67]. Players take on the roles of fishing companies and make
decisions about fishing quotas and investments in new technology. Studies have
shown that playing Fishbanks can improve players’ understanding of sustainable
resource management and their ability to negotiate solutions to complex problems
(68, 69]. Serious games using cards or board game setups that can be played offline
are also studied for their cognitive and affective learning outcomes. FEcoChains:
Arctic Crisis is a multiplayer card game that focuses on teaching the impacts of
climate change on Arctic ecosystems, specifically the diminishing sea ice caused
by climate change. In the game, players must build food webs that are resilient
to changing environmental conditions while meeting the needs of the human pop-
ulation [70].

In light of the various interpretations surrounding the concept of serious games,
it is evident that any singular definition of the term inevitably entails certain
limitations. Nonetheless, we must adopt a specific position to progress in our
discourse on this topic. Therefore, we have chosen to define serious games as
encompassing all types of games that have the potential to serve serious
objectives such as behavioural training and behavioural recognition.
This definition is intentionally broad, as it acknowledges the vast array of possible
applications of serious games in many contexts, such as non-exhaustive and non-
exclusive education and training in healthcare and rehabilitation. Ultimately, this
thesis contributes to the ongoing academic discussion surrounding serious games,
and we hope this definition will facilitate further exploration and innovation in this
field. Nevertheless, we will focus the studies on digital game-based approaches

for this doctoral thesis in computer science.

2.4 Simulation Games are Serious (Games

Following the thesis position about the serious game definition, simulation games,

as briefly explained earlier, are serious games and may be considered as a genre



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 27

of the serious game [4]. One of the most famous simulation games that represent
well that a simulation is a serious game is the Microsoft Flight Simulator® | Mi-
crosoft. This popular flight simulation game developed by Microsoft in 1982 has
gained popularity since its creation and has been updated, improved, and is still
used and played nowadays. The game allows players to simulate flying various
aircraft in a highly realistic and detailed virtual world, including commercial air-
liners, small planes, and even helicopters. The game uses satellite imagery and
data from Bing Maps to create a realistic 3D world with accurate terrain, weather,
and other real-world conditions. Thanks to its realism, it has been used for pilot
training and education and for entertainment purposes [71, 72|. Hence,
such simulators revealed that even a game might be used for serious purposes and
entertainment. In addition, scientific research also used the game to study the
effects of climate change on aviation. Indeed, understanding its capabilities and
limitations to effectively use such simulation games for training, safety investiga-
tion, and engineering and scientific research is needed [73]. However, simulation
games are only one type that falls under the scope of our thesis’ serious game def-
inition. With the democratization of the use of computers and the advancement
of technologies in the video games industry, games with serious purposes, such as

edutainment software and games, were well risen through the 1980s and 1990s.

2.5 Edutainment Games, the Game-Based Learn-

ing Precursors

Edutainment games are serious games designed to combine entertainment and
educational content and implemented in various fields, including this non-exhaustive
list: education, health, and business. Edutainment games positively impact learn-
ing outcomes, providing an engaging and interactive environment that promotes
active learning and knowledge retention [74]. One of the earliest examples of seri-
ous games for education was The Oregon Trail®, a classic educational game series
that was first developed in the 1970s and continues to be used in classrooms today.
The Oregon Trail 2.4 uses a role-playing game format to teach students about the

challenges of frontier life and Westward expansion in the 19th century [75].

4Microsoft Flight Simulator
®The Oregon Trail / Minnesota Educational Computing Consortium
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FI1GURE 2.4: Oregon Trail Game

According to Moreno-Ger et al., [76], edutainment games can provide an effec-
tive means for teaching complex concepts and developing skills such as problem-
solving and critical thinking. For example, various examples of edutainment
games, including Math Blaster, Reader Rabbit, and Where in the World is Car-
men Sandiego? have been famous in education and have been found to improve
learning outcomes and hard and soft skill development [77]. Math Blaster
and Reader Rabbit are two classic examples of educational video games used for
decades to help children develop foundational skills in math, reading, and other
subjects [78, 79]. Math Blaster (see Figure 2.5 is a series of games first released
in the 1980s and designed to make learning math fun and engaging for children.
The game features a science-fiction setting and tasks players with solving math
problems to progress through levels and defeat alien enemies. Research has shown
that educational games like Math Blaster can be effective in helping children de-
velop math skills [80]. For example, a study by Luckhardt Redfield et al. [81]
found that children who played an educational math game similar to Math Blaster
may improve their math skills significantly. Reader Rabbit (see Figure 2.5, on the
other hand, is a series of educational games designed to help children improve their
reading and language skills. The game features a variety of activities, such as word
recognition, spelling, and vocabulary development, all presented in a colourful and
engaging format. Research has shown that educational games like Reader Rabbit
can improve children’s reading skills. For example, a study by Mendez et al. [82]
found that children who played an educational game similar to Reader Rabbit may

demonstrate significant improvements in oral reading skills.
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However, serious digital games may also train cognitive ability and soft skills train-
ing purposes. For example, in their studies, Medalia et al. [83] use the edutain-
ment game Where in the World is Carmen Sandiego? (see Figure 2.5 to highlight
the positive result in treating problem-solving deficits in acutely ill psychiatric
inpatients. Likewise, Carroll and Terry [84] promote the approach of using the
edutainment game as a motivation tool to learn and introduces to a range of sub-
jects, such as history, mathematics, language arts, science, music, and fine art,
as well as it is capable of developing a variety of critical skills, including critical
thinking, comprehension, writing, vocabulary, and research. Hence, the game may
be used as a versatile and effective learning tool. Furthermore, the game’s abil-
ity to foster collaboration, problem-solving, and decision-making through group
learning processes and sessions can contribute to students’ social and emotional
development. Despite the wide range of possibilities the serious game offers, De
Lisi et al. [85] reveal in their research that using Where in the World is Carmen
Sandiego? to improve children’s mental rotation accuracy may not be appropriate
compared to the non-serious but famous game called Tetris. Nevertheless, their
research highlights one of the aspects in the definition of Abt’s about games, which
may be any game that may be played seriously for serious purposes, but they are
not serious games. Alvarez et Djaouti [65] proposed to call such use of Tetris a

serious gaming approach.

2.6 Serious Gaming and Serious Game

In line with the discourse on serious games, it is noteworthy that a video game
initially designed solely for entertainment purposes can be repurposed for educa-
tional or other serious pursuits. By adopting a serious posture toward gameplay,
individuals can harness the benefits of video games beyond mere entertainment
and unlock their full potential as a tool for learning and personal development.
This phenomenon is not limited to a particular industry or sector; numerous ex-
amples abound. In the early 2000s, scholars have documented instances where
video games have been leveraged in educational contexts to promote engagement,
active learning, and skill acquisition [86, 87]. In his seminal work, Gee [87] offers
compelling insights into the transformative potential of video games in educa-
tion. Gee’s research sheds light on how children who engage with historically

and mythologically inspired games such as Age of Mythology and Age of Empires



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 30

y 7 4 ' Find the nissing nunher LS h

Math Blaster Game

—ENERGY:IIIE=>

Game Options Acme Qos_sier's

Montgomenry Helcome to Alabama, the
Saturday, 1 p.m. Camelia State.
-
Where in the = e
George MWashington

Carver, the famous

World is Carmen (i Frt=te
Sandiego? Game RA&ELELLE:

L} | 1‘
~

Reader Rabbits
Game

FiGureE 2.5: Math Blaster, Where in the World is Carmen Sandiego? and
Reader Rabbits Games

become active learners, delving deep into the subject matter within and beyond
the game. Specifically, Gee observes that these young learners develop an insa-
tiable curiosity about mythology, often seeking out additional sources of knowledge
such as websites and library books to supplement their understanding of the sub-
ject. Moreover, these learners begin to see connections between their games
and other domains of popular cultures, such as superhero stories and even the
broader arc of history and society. This mode of inquiry, facilitated by gameplay,
allows individuals to deeply engage with the complex subject matter in an enter-
taining and impactful way, underscoring the rich potential of video games as a

tool for education and personal growth.

During the same period, massively multiplayer online role-playing games became a
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real trend that enables scholars to study the learning potential for the players these
games may offer. A massively multiplayer online role-playing game (MMORPG)
is a type of online game where many players interact with each other in a vir-
tual world, taking on fictional characters and engaging in various activities such
as combat, exploration, and socialization. In the scientific literature, Peterson
[88], Rankin et al. [89], and Kongmee et al. [90] have employed massively mul-
tiplayer online role-playing games (MMORPGs) to explore the potential benefits
of learning a second language through gameplay. These researchers have iden-
tified the potential of MMORPGs in addressing challenges commonly faced by
language learners in real-life settings, such as providing opportunities for prac-
tice, feedback, and interaction with native speakers. Their research has discovered
that MMORPGs can be highly effective in supporting language learning, as ev-
idenced by improvements in standardized language tests and students’ increased
participation and progression in the game itself. Specifically, students who played
MMORPGs exhibited increased fluency and confidence in using English, demon-
strated tremendous patience when reading and writing, and were more motivated
to produce dialogue when speaking and chatting. Moreover, multiplayer games
can be a powerful tool for teachers to provide feedback and support in a friendly
and interactive manner, fostering a positive learning environment [91]. In
multiplayer games, learning takes place through conversation characterized by
spontaneity, contextuality, and unpredictability. Playful and lighthearted emo-
tions emphasize this type of learning, which can create an engaging and enjoyable
learning experience. Through cooperative learning facilitated by the game, players
from diverse cultural backgrounds can interact and learn from one another. The
learning process in multiplayer games is multifaceted. It can support a variety
of learning objectives, such as simple fact-finding, the development of tactics and
strategies, and the working out of a moral order [92]. By conversing with other
players, individuals can access a wealth of knowledge and experience that may
not be available through traditional education. Furthermore, the game’s immer-
sive and interactive environment can provide a safe space for players to experiment
with new ideas and approaches. Serious gaming, or the repurposing of video games
for educational or serious purposes, has been exhaustively documented since the
early 2000s to promote engagement, active learning, and skill acquisition. While
serious gaming differs from a serious game, serious gaming has preceded the ad-
vent of digital game-based learning and has shown great potential for education

and personal growth.
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2.7 Digital Game-Based Learning

Following the research of Anastasiadis et al. [93], digital game-based learning
is a pedagogical approach that integrates games into the educational process. By
leveraging the motivational psychology behind games, this method fosters student
engagement with educational material and subjects in a dynamic, enjoyable, and
playful way. To further promote motivation and engagement. Prensky [94] intro-
duced digital game-based learning as a student-centred approach that integrates
digital games with curricular content. The essential characteristic of this approach,
as defined by Prensky, is the convergence of interactive entertainment and seri-
ous learning through digital games. Erhel and Jamet [95] also promote the use
of digital game-based learning to support educational purposes such as tracking
and learning and characterize it as a competitive activity that sets educational
goals to promote students’ knowledge acquisition. Games and simulations that
promote cognitive and soft skills allow students to practice these skills in a virtual
and safe environment. Cheng et al. [96] also argue that digital game-based learn-
ing combines educational content with digital games to stimulate student interest
and enhance learning effectiveness, which can lead to students viewing knowledge
and education positively throughout their lives. Finally, Perrotta et al. [97] identi-
fied intrinsic motivation, learning through intense enjoyment and fun, authenticity,
self-reliance and autonomy, and experiential learning as the fundamental principles
involved in digital game-based learning. This research provides strong evidence
for the potential of digital game-based learning as an innovative and practical ap-
proach to teaching and learning, with the potential to positively impact students’
attitudes toward education and knowledge acquisition. According to Spires [98],
game-based learning is not only about developing games for students to play but
also about designing interactive learning activities that gradually convey
concepts and guide students toward specific learning outcomes. Hence,
in order to maximize the benefits of digital game-based learning and
provide students with a more comprehensive and enriched educational
experience, it can be integrated with other established learning methodologies
and approaches such as cooperative learning [99], project-based learning [100], and
problem-based learning [101]. By combining these different techniques, educators
can create a more dynamic and immersive learning environment that engages stu-
dents and helps them to develop a wide range of skills, including problem-solving,

critical thinking, collaboration, and communication [93]. Hence, this suggests
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that digital game-based learning pertains to the process, activity, or strategy em-
ployed to attain education objectives rather than the final product it produces.
Finally, by expanding the objectives beyond education, start-ups, think tanks and
digital agencies led in the 2010s to the emergence of the pairwise terms gameful
design/gamification and playful design/toyification. Brought under the umbrella
of play/game-inspired design, gamification and toyification aimed to apply and

define the process of using games and play on a larger scale [102].

2.8 Play and Game Inspired Design: Overview

Game and play-inspired design is an approach to design that takes inspiration
from games and play to create products, services, or experiences that are not only
functional but also enjoyable and motivating [103]. This approach recognizes the
power of play and games to engage people and create a sense of flow [104, 105],
and seeks to apply these principles to a wide range of contexts, from business and

education to health and wellness [106].

Playful and gameful concepts are the foundation of play and game-inspired
design. Despite their similarities in the need for a safe environment for a player, the
terms playful and gameful differ in meanings. Roger Caillois [107] made a seminal
distinction between the concepts of play and games, introducing the terms paidia
and [udus to describe two different forms of play. Paidia, or free-form play, is
characterized by improvisation, expressiveness, spontaneity, and joy and
is commonly observed in children’s play. In contrast, ludus, or formal play, is
governed by rules and arbitrary obstacles and often involves competition with
defined winners and losers. This type of play is commonly found in board games
and video games. Caillois’ definitions place paidia (playful) and ludus (gameful)
at opposite ends of a play continuum, highlighting their contrasting qualities and
the diverse experiences they offer. Lucero et al., [108] proposed that research
about playful and gameful experiences’ pros and cons may enhance game-based

approaches in whatever domain they are used.

One of the key tenets of game-inspired design is the focus on creating enjoyable and
meaningful experiences. This approach recognizes that people are more likely to
engage with and retain information when having fun. For example, game-inspired

design may create educational experiences that teach complex concepts in a fun
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and engaging way [109], as well as create games that use the concept of playful-
ness as a way to address real-world problems, such as climate change or social
justice [106]. Playfulness is when people approach even ordinary activities with
a spontaneous and joyful attitude, characterized by a lack of seriousness, specific
objectives, or real-world consequences [107]. That play can provide a powerful way
to motivate and inspire people [110]. Playful experiences arise when individuals
adopt a playful approach to their activities or playfully view the world. Examples
of playful experiences may include carefree leaping into piles of fallen leaves dur-
ing autumn, aimlessly swiping through the home screens on our smartphones, or
mischievously drawing on the hood of a dirty car using a finger [108]. These expe-
riences can be delightful and motivating. Another example of using playfulness to
motivate people is the piano stairs at the Odenplan Metro Station in Stockholm,
which encourage individuals to use the stairs instead of the escalator as each step

was playing a musical note when stepped on by someone [111].

Game and play-inspired design approaches have evolved from various fields, such
as educational technology and psychology. As such, it draws on a wide range
of theories from these fields to explain the effectiveness of such approaches in
achieving non-entertaining outcomes. One of the most influential theories in the
field is the self-determination theory (SDT) [112]. SDT posits that intrinsic mo-
tivation, or the drive to engage in an activity for its own sake, is a key factor
in sustained behaviour change. Games promote intrinsic motivation by offering
players autonomy, competence, and relatedness, which are the basic psychologi-
cal needs according to SDT [113-115]. Therefore, applying games’ theories to a
non-entertainment context may enhance the experience and achieve specific goals.
Game and play-inspired design also emphasize the importance of player agency
and choice, recognizing that people are more likely to engage with experiences
that allow them to take control and make decisions [116]. This approach involves
creating environments and systems that allow players to explore, experiment, and
make decisions, leading to a sense of ownership and investment in the experience
[117]. For example, a game or play-inspired design for education can offer students
autonomy by providing them with choices in how they learn, such as the activities
they engage in or the order of topics they explore. The game or play-inspired de-
sign can also give students a sense of competence by offering them challenges that
are well-matched to their skill level, so they feel a sense of accomplishment as they
progress. This later statement is based on another influential theory, which is the

flow theory previously cited [118, 119]. The flow theory in game-based approaches
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suggests that balancing challenge and skill characterizes optimal experiences. In-
game and play-inspired design, this balance is often achieved through adaptive
difficulty, where the play or game-inspired design adjusts the level of challenge
based on the player’s performance. For example, a game or play-inspired design
that teaches a new language can use adaptive difficulty to ensure that players
encounter new vocabulary words and grammar rules at a pace that is challenging

but not overwhelming.

Overall, game-inspired design represents a powerful approach to creating products,
services, or experiences that are both functional and enjoyable. This approach has
been used to create various innovative solutions in various contexts and can poten-
tially drive significant impact and value in the future [2, 64, 87, 120]. Incorporating
these and other relevant theoretical foundations into the play and game-inspired
design can help ensure the experiences are compelling, engaging, and well-suited
to their intended purpose. Therefore, these approaches have gained popularity in
recent years, as they offer a unique and engaging way to tackle a wide range of
challenges in almost any context. Hence, experienced designers have been brought
in to create many game concepts and play-inspired designs, including gamification
and toyification. Although these concepts are related to the use of game and play
elements and mechanics in non-game contexts, they have some essential differences

that we will define in the following subparts.

2.9 Gamification and Toyification

Gamification and toyification are concepts often used interchangeably in pop-
ular discourse, but they represent distinct approaches to incorporating game ele-
ments into non-game contexts [2]. While both gamification and toyification involve
using play and game elements in non-game contexts, as explained previously, they
differ in their underlying goals, design principles, and outcomes. For this thesis,
we defined the term gamification as the process of incorporating game ele-
ments, such as points, storytelling, badges, and leaderboards, into non-
game contexts, such as education, health, and business [2]. Gamification aims
to motivate users to engage in desired behaviours by making them more enjoy-
able, rewarding, and meaningful. Gamification draws on principles of behavioural
psychology, such as operant conditioning and self-determination theory, to design

game mechanics that appeal to users’ intrinsic and extrinsic motivations[121, 122].
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Furthermore, gamification outcomes typically focus on specific behaviours or tasks,
such as completing a training program, adopting a healthy habit, or buying a
product [2]. Gamification outcomes, such as increased user engagement, improved

performance, and higher sales conversion rates, are often measurable and tangible.

Toyification, on the other hand, is defined for this thesis as incorporating play
elements, such as imagination, exploration, and experimentation, into
non-game contexts [2]. The goal of toyification is to stimulate users’ creativity,
curiosity, and sense of wonder by creating a playful environment that encourages
exploration and experimentation. Toyification draws on principles of play theory,
such as Huizinga’s [123] concept of magic circle, to design playful experiences that
blur the boundaries between reality and fiction. In addition, toyification outcomes
are often intangible and subjective, such as an increased sense of playfulness, en-
hanced imagination, or stronger social connections. Toyification outcomes are of-
ten difficult to quantify or measure, but they may have long-term and far-reaching

effects on users’ well-being and life satisfaction.

The design principles of gamification and toyification reflect their different goals
and theoretical foundations. Gamification emphasizes using game mechanics that
reinforce desired behaviours, such as rewards, feedback, and goals [124]. Gamifi-
cation designers aim to create a funnel that guides users from initial engagement
to sustained motivation, using techniques such as onboarding, scaffolding, and
mastery [121]. In health and wellness, game-inspired design has been used and
provided mediums that address real-world problems, such as obesity and physical
inactivity. For example, Zombies, Run! © is a popular mobile application that
uses the format of a zombie apocalypse to encourage players to be more active

and get in shape [125] (see Figure 2.6).

Game-inspired design has also been used to create new products and services that
are both functional and enjoyable. For example, Fitbit company use gamification
principles, such as points and leaderboards, to motivate users to be more active
and healthy [126]. With their Fitbit (see Figure 2.7) devices, the company provides
real-time feedback on users’ activity levels and rewards and incentives for meeting

fitness goals, making it a popular tool for promoting healthy habits.

Beale et al. [127] also studied using a game-inspired design approach to actively

involve young people with cancer in their treatment using a game called Re-Mission

6Zombies, Run! / Six to Start
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T (see Figure 2.8).Re-mission is a game-based intervention aimed at improving

the adherence of adolescent and young adult cancer patients to their medication
regimens. The game was designed to be fun and engaging, providing players with

feedback on their progress and tangible rewards for taking their medications.

FI1GURE 2.8: Re-Mission by Hopel.ab Foundation

Toyification, on the other hand, emphasizes the use of open-ended play experi-
ences that stimulate users’ curiosity and imagination [128]. Toyification designers
aim to create a sandbox that allows users to explore and experiment with different
possibilities using sensory stimulation, surprise, and whimsy techniques. Toyifica-
tion designers often prioritize user autonomy and creativity over external rewards
and constraints [129]. For example, in the business world, play-inspired design has
been used to create toyified systems for employee training and motivation, such
as The Lego Serious Play (see Figure 2.9) method®, which uses lego bricks and

playfulness to facilitate creative problem-solving and teamwork [130].

"The idea for the Re-Mission games aimed at young cancer patients originated from Pam
Omidyar, while the nonprofit organisation HopeLab Foundation conducted research to design
them. The development process involved active collaboration with young cancer patients, oncol-
ogy doctors, nurses, and game developer Real-time Associates, among other contributors.

8The Lego Serious Play / The Lego Group
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F1GURE 2.9: The Lego Serious Play by The Lego Group

In the realm of education, play-inspired design has been used to create an educa-
tional and playful environment that teaches complex concepts fun and engagingly.
For example, Minecraft: Education Edition® is a popular educational and play-
inspired platform (see Figure 2.10) that uses the format of sandbox-style games
to teach subjects such as math, science, history, and more [131]. Another exam-
ple of play-inspired design that has become increasingly popular in the business
world, where it is used to create engaging and motivational employee training pro-
grams and customer engagement strategies, is the book Gamestorming. Despite
its name that uses the term game in its title, the book provides a set of tools and
techniques for using play in the workplace to solve problems and drive innovation
[132]. The book also provides a range of play-inspired activities, from quick and
simple games to more complex simulations, that can be used to create engaging

and collaborative work environments.

In summary, gamification and toyification are two distinct approaches to incorpo-
rating game elements into a large panel of non-game contexts. While both gami-

fication and toyification are approaches pinpointed under game and play-inspired

9Minecraft Education Edition is based on the original Minecraft sandbox-style game / Mojang
AB. TM Microsoft Corporation.
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Code Builder

F1GURE 2.10: Minecraft: Education Edition by Microsoft

design, they also share some similarities, such as the use of play and game elements.

Nevertheless, they differ in their underlying goals and design principles.

2.10 Conclusion

In this chapter, we reviewed three game-based approaches, the serious game ap-
proach, the playful design approach and the gameful design approach, used in var-
ious domains and purposes, including education, health, and business. Through
these examples, we have seen how games can be designed to leverage the moti-
vational power of play to enhance user experiences, promote skill development,
and facilitate behaviour change. For this thesis’s objectives and original frame, we
align our definitions of the four game-based approaches and definitions presented
with a conceptual map 2.1 by Deterding [52], namely serious game design, playful
design, gameful design, and serious toy design. The latter was briefly introduced in
this chapter, as it does not fit the thesis’ objectives of studying digital game-based
approaches. Indeed, serious toy design focuses the design on a physical toy such
as the Fitbit device or tabletop maps and miniature soldiers used in war games. In
essence, these approaches, including serious toy design, are widely adopted in the
academic and private fields of game-based approaches. They effectively achieve

serious objectives, such as education, training, and behaviour change [6].
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The first approach, serious game design, involves designing or deploying full-
fledged games for serious purposes. Serious games can provide engaging and inter-
active experiences that motivate learners to achieve their learning goals. However,
designing and developing serious games requires significant resources and exper-
tise, which can challenge some organisations. The second approach, gamification,
involves designing to afford the experiential and behavioural qualities character-
istic of gaming. However, designing for gameful experiences requires a thorough
understanding of game mechanics and user motivations, which can be challeng-
ing for some designers. The third approach, playful design, involves designing to
afford the experiential and behavioural qualities characteristic of play. This ap-
proach creates non-game contexts that are more playful, creative, and exploratory
for learners. The fourth approach, serious toy design (Toyification), involves de-
signing or deploying full-fledged toys for serious purposes. To summarize, the four
game-based approaches identified by Deterding and colleagues offer valuable in-
sights and frameworks for designing and deploying game-based interventions for

serious purposes.

In conclusion, using game-based approaches in various contexts has proven to be
an effective and engaging way to achieve serious outcomes. The success of game-
based approaches in education has been well documented, but the potential for
these approaches goes beyond just the classroom. Game-based approaches have
shown promise in areas such as health and wellness, workplace training, and even
in military and defence. Furthermore, game-based approaches can be tailored to
suit the specific needs of different contexts and audiences. By incorporating prin-
ciples of gamification and game design, these approaches can enhance motivation,
engagement, and learning outcomes. Using game-based approaches also offers a
unique opportunity to collect data on user behaviour and performance, allowing
for continuous improvement and optimization of the approach. By leveraging the
power of gamification and game design, we can engage users in new and exciting
ways and achieve outcomes that were previously difficult to attain. As such, the
future of game-based approaches is promising. Hence, we will deeply explore the
use of serious games and gamification for human resources to follow the original ob-
jectives and goal of the thesis, which are evolving and enhancing these approaches

to impact various industries and fields.
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In Chapter 2, we delved into the historical journey of
game-based approaches. We begin by tracing the origins
of these methods, transitioning into an introduction to
the realm of serious games. It’s important to note that
Serious Games extend beyond digital platforms, and indeed,

simulation games are classified as a subset of serious games.

The chapter discussed edutainment games, underlining their
foundational role in the evolution of game-based learning.
We also highlighted the nuanced differences between serious

gaming and serious games.

Finally, we offered an overview of play and game-inspired
design, highlighting the role of gamification and toyification

in fostering user engagement and learning.

This historical exploration revealed that game-based ap-
proaches were predominantly used for learning and educa-
tional purposes. However, the application of such approaches
to our contexts, which are recruitment, selection, and be-

havioural recognition, is a relatively recent development.



Chapter 3

Related Works

Human resources (HR) departments have always played a critical role in the suc-
cess of an organisation. Historically, HR departments have been responsible for a
wide range of activities that span the entire life cycle of an employee’s involvement
with an organisation. These activities include posting job advertisements,
screening and interviewing applicants, onboarding, benefits coordina-
tion, employee retention, performance evaluation, and exiting processes

for retired or terminated employees.

Over the years, HR departments have used various traditional methods to attract
and select applicants. However, with the evolution of technology, the changing
job market and the need to attract top talent, HR departments are exploring new
and innovative ways to attract and select applicants. This change has led to the
use of game-based approaches as innovative methods in the recruitment and selec-
tion process. This chapter aims to explore the use of game-based approaches

specifically for recruitment and selection purposes.

In recent years, HR departments have been using game-based approaches (GBA)
to create interactive and engaging experiences for applicants during the re-
cruitment and selection process. GBA offers a unique way to assess an appli-
cant’s cognitive and behavioural traits that we will explore through this
chapter, which traditional recruitment methods such as job advertisements may

not capture.

This chapter will be structured as follows: In the first section, we will provide

a brief overview of the objectives and usage of game-based approaches
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for recruitment and selection purposes used by HR departments. In the second
section, we will delve into the concept of game-based assessment and, more
specifically, on gamified situational judgement tests based on interactive nar-
rative games. Finally, in the last section, we will examine the challenges faced in

implementing a gamified situational judgement test in HR practices.

3.1 Human Resources and Game-based Approaches
for Recruitment and

Selection Processes

In recent years, the human resources field has witnessed a surge in the adoption
of game-based approaches to enhance various aspects of recruitment and selection
processes [133, 134].

Despite GBA being utilised in HR recruitment and selection for several decades,
there is a noticeable lag in the academic literature’s ability to keep pace with
the rapid changes occurring in practice. To address this discrepancy and provide a
more comprehensive understanding of the field, Bina et al. [135] conducted a sys-
tematic review of GBA in the academic literature with a focus on HR recruitment

and selection.

The review reveals that applying GBA in HR processes has the potential to en-
hance the effectiveness and efficiency of recruitment and selection significantly.
Indeed, GBAs encompass a wide range of techniques, such as serious games, gam-
ification, game-inspired designs, and serious toy design as seen in the Chapter 2,
all aimed at achieving different objectives within the HR context recruitment and
selection such as enhancing candidate experiences or pool, [136-139]. The
growing interest in game-based approaches in the recruitment and selection process
can be attributed to the increasing need for innovative solutions [140] that address
the limitations of traditional methods [141]. Game-based assessments in recruit-
ment and selection processes offer potential benefits for both job applicants and

organisations [5, 142].

Several studies investigate the potential of gamification and serious games in re-
cruitment and selection by drawing upon existing and prior scholarly work. For

example, Armstrong et al. [133] suggest, on the one hand, that drawing upon
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GBAs’ principles, employee recruitment can be enhanced through two distinct
approaches. Firstly, game-based assessments can be employed to optimise the
alignment between applicants and hiring organisations. In essence, organ-
isations that facilitate person-organisation fit with GBAs aid applicants in deter-
mining whether their values and expectations align with those of the recruiting
organisation [143-145]. Robson et al. [146] support engaging employees through
serious games and gamification to offer an opportunity to experience a virtual
representation of the job and work environment before deciding on a candidate for

a job.

Secondly, if organisations appear more appealing to potential candidates by en-
hancing candidates’ experience and improving employer branding in the
overall recruitment process, those organisations are likely to receive a higher
volume and an overall better quality of job applications. Likewise, the findings
of Gkorezis et al. [137] illustrated that using GBAs positively influences appli-
cants’ perceptions of an organisation’s appeal. This enhanced perception, in turn,
results in a heightened intention to recommend the organisation. Notably, this ef-
fect is particularly pronounced among the new generation of applicants with more

extensive video gaming experience.

On the other hand, selection research has primarily concentrated on the validity
and reliability of selection predictors. As suggested by Armstrong et al. [133]
and Landers et al. [147], serious games and game-based assessment can provide
a more immersive and realistic environment for candidates to demonstrate
their skills and abilities, helping employers to better evaluate a candidate’s fit for
a role and potentially reducing the risk of bad hires. In addition, recent studies are
also focused on striving for a balance between minimising adverse impacts
in fairness and equity and effectively forecasting job performance while

maintaining positive responses to the selection process [148].

Following and supporting the previous findings, the remainder of the subsections
will detail the various uses of specific GBA, such as game-based assessment based

on serious games and gamification in recruitment and selection processes.
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3.1.1 Game-based Assessment to Enhanced Candidate Ex-

perience

Utilising game-based techniques such as serious games and gamification in recruit-
ment processes not only elevates candidates’ organisational perceptions but also
influences their likelihood of job acceptance [137, 149], supported by increased

assessment motivation [150].

Several empirical studies, including those by Landers et al. and Hamari et al., cor-
roborate that these interactive assessments amplify candidate satisfaction and en-
gagement [5, 151]. These assessments also cultivate a sense of procedural fairness,
corroborated by research such as Leutner et al. [152], which posits that candidates
perceive these methods as more equitable than traditional avenues. Additionally,
the immediacy and depth of feedback in game-based assessments facilitate candi-
date self-reflection and performance understanding [153]. This feedback can also
promote self-reflection, as candidates gain insights into their abilities and poten-
tial fit within the organisation [154, 155]. Moreover, game-based assessments can
further be tailored to encapsulate specific job requirements, allowing candidates

to align their skills more precisely with job expectations [154, 155].

Despite these advantages, the literature also highlights potential challenges and
ethical concerns surrounding the implementation of this assessment, such as the
risk of bias and discrimination, data privacy, and user consent [156]. In addition,
some candidates may perceive game-based assessments as less credible than tradi-
tional methods, potentially affecting their experience [133]. Additionally, the cost
and complexity of developing and implementing game-based assessments could be

prohibitive for some organisations [157].

3.1.2 Game-based Assessment to Enhanced Candidate Pool

Leveraging the principles of the Attraction-Selection-Attrition framework [158],
gamified recruitment practices have emerged as a potent tool for augmenting or-
ganisational allure, thereby diversifying the pool of prospective applicants. Case
in point, L’Oréal’s ”"Reveal,” an online recruitment game (see Figure 3.1), serves
the dual purpose of furnishing candidates with an interactive and realistic simula-

tion of the workplace while concurrently granting L.’Oréal a dynamic platform for
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evaluating the candidates’ aptitudes and potential contributions [159]. Within the
game’s simulated business setting, candidates assume various roles, make strategic
decisions and manage a 'virtual’ brand, thus acquiring experiential insights into
L’Oréal’s culture and operations. This innovative approach not only aids can-
didates in evaluating their fit with the company but also furnishes L.’Oréal with

valuable data on applicants’ problem-solving and decision-making abilities.

QINQIN CHENG

FIGURE 3.1: Reveal Serious Game by L’Oréal

Moreover, Joy’s research [160] indicates that game-based assessments can effec-
tively identify high-potential candidates while improving the overall qual-
ity of the applicant pool, mitigating biases related to gender and ethnicity in
the process [152]. Such assessments also facilitate person-organisation fit by offer-
ing realistic job previews. Indeed, organisations could enhance person-organisation
fit by offering a realistic job preview within the context of a serious game. A
prime example of this approach is America’s Army (see Figure 3.2), a game devel-
oped by the US Army to recruit young Americans. The game provides a glimpse
into soldier life’s thrilling aspects while showcasing army career opportunities and
benefits. Players who perceive themselves as a good fit for the US Army based on
their in-game success may be more likely to apply. Assuming that gameplay skills
represent real-life social skills, this approach could yield a more qualified applicant

pool than traditional methods.
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FIGURE 3.2: America’s Army: Proving Grounds by United States Army

For instance, Marriott Hotels’ game-based assessment (see Figure 3.3), My Mar-
riott Motel by Marriott Hotels [146], serves as an interactive tool for measuring
both cognitive and non-cognitive skills of prospective candidates. By offering a
simulated hotel work environment, the assessment not only enhances the recruit-
ment process’s efficiency by attracting applicants who possess a thorough under-
standing of the tasks and responsibilities in their desired positions but also attracts
well-informed and role-compatible applicants. This innovation leads to better em-
ployee retention and satisfaction, outperforming traditional psychometric methods

in engagement and fairness [146, 148].
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FIiGUurE 3.3: My Marriott Motel by Marriott Hotels
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While game-based assessments offer innovative and immersive recruitment experi-
ences that can enlarge and enrich the applicant pool, they also risk misrepresenting
an organisation’s true character. For instance, a recruitment game could falsely
project the organisation as environmentally responsible, attracting candidates with
sustainability values [161, 162]. Such a mismatch could lead to increased attrition
rates when employees discover the discrepancy between portrayal and reality. De-
spite potential drawbacks, GBAs enrich the candidate pool’s quality and engage
those disinterested in traditional recruitment methods. Moreover, they enable or-
ganisations to identify top talent comprehensively, thus improving workplace fit

and overall applicant quality [49, 163].

3.1.3 Game-Based Assessment to Applicant Reactions to

Selection Process

Applicants who view selection systems as unfair are likely to react negatively,
impacting not only the hiring process by leading to heightened test anxiety and
diminished test motivation [164] but also longer-term outcomes like job perfor-
mance. This is explained by organisational justice theory, which suggests fairness
perceptions are shaped by how rewards are allocated (distributive justice) and the
rules behind them (procedural justice) [165]. Poor fairness perceptions can result
in negative outcomes like lower self-esteem, reduced job offers, and higher turnover
rates [164, 166]. Gilliland’s [167] framework (see Fig 3.4) outlines how applicants
interpret selection fairness, linking specific attributes of the process to perceived

fairness.

Test motivation and organisational attraction are further moderated by computer
proficiency. Indeed, technological experience, particularly in gaming, amplifies
favourable responses to gamification. However, poor design can trigger perceptions
of unfairness, especially in high-stakes settings, exposing organisations to potential

legal risks if these perceptions correlate with protected class membership.

Indeed, recent studies indicate that procedural justice perceptions mediate the
relationship between technology usage in selection and applicant outcomes like
test motivation and organisational attraction [168, 169]. However, computer pro-

ficiency moderates the link between procedural justice and applicant outcomes,
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F1GURE 3.4: Model of Applicants’ Reactions to Employment Selection Process
and Outcome (from Gilliland, 1993, p. 700)

strengthening this association among those with greater tech experience. For ex-
ample, prior gaming experience positively influences responses to gamification.
[170]. In contrast, Landers and Armstrong also highlight that those with limited
or no gaming experience may perceive the application of serious games in high-
stakes contexts as inherently unfair if the game or gamified assessment is poorly
designed or implemented [133]. The belief that a game is biased or unwinnable
may contribute to the perception that the overall selection process is unfair, re-
gardless of whether game performance accurately predicts job performance. If
such perceptions differ according to protected class membership, the use of games

in selection could potentially expose organisations to litigation risks [171].

In summary, well-designed game-based approaches in terms of fairness can enhance
applicant reactions by promoting fairness and engagement, potentially leading to

more accurate assessments and positive organisational perceptions.
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3.1.4 Objective measurement in Game-Based Assessment

Armstrong et al. [133] suggest that game-based approaches and assessments ob-
jectively evaluate candidate abilities, as they may be designed to measure specific
skills or competencies through standardised scoring systems. Moreover, GBAs
have the potential to minimise applicant faking by offering engaging, immersive
tasks that are challenging to deceive. In traditional recruitment methods like in-
terviews, written tests, or self-report questionnaires, applicants may exaggerate
their abilities or provide dishonest answers to present themselves favourably [172].
Hence, researchers have posited that GBAs may mitigate faking as they require
participants to engage in complex tasks [133]. These tasks involve situational
judgement tests and scenario-based simulations, which are more difficult
to deceive than traditional methods. Furthermore, Landers and Sanchez [173],
highlight three aspects of faking behaviour that designers of gameful assessments

can target: motivation, ability, and opportunity (see Fig 3.5).

Effective Gameful Design
Game Characteristics
Game Mechanics
Game Dynamics
Game Aesthetics
Assessment Transparency
Assessment Type
Reliability / validity Evidence

‘{ Faking Behavior

Pre-Existing Game Experience
Knowledge of Game Mechanics
Skill with Game Mechanics
Attitudes Towards Games

Opportunity
to Fake

Gameplay
Immersion
Flow
Difficulty
Enjoyment

Motivation
to Fake

Individual & Contextual Factors

FIGURE 3.5: Suggested impacts of gaming elements on faking in game-based
assessment. (from Landers and Sanchez, 2022, p. 9)

For example, by creating immersive experiences that induce a flow state, they
can replace the motivation to fake with the motivation to play. To hinder the
ability to fake, designers can use game mechanics that increase cognitive load,
limit knowledge about effective faking behaviours, and capitalise on the novelty of
game elements. Finally, designers can limit opportunities for faking through low
assessment transparency, masking test purposes and desirable responses and using

skill-based assessments that require authentic demonstrations of ability.
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In addition, GBAs may be advantageous in providing objective measurement of
soft skills, as they enable the collection of behavioural data that can be analysed
quantitatively. A study by Stoeffler et al. [1] demonstrated that game-based as-
sessments could successfully measure soft skills by analysing user interactions and
performance within the game environment. Indeed, they designed Circuit Runner
(see Figure 3.6), a game-based assessment where players navigate a 3D maze from
a first-person perspective, working with a computer agent via a dialogue panel
to complete challenges at locked gates. These challenges require information and
resources asymmetrically distributed between the player and the computer agent.
The chatbot is based on complex dialogue trees with prompts and multiple-choice
response options designed to reflect different skill levels. Therefore, through the
players’ choices, the recruiters can track candidates’ decision-making patterns,
response times, and interactions with in-game characters or bots, which can be
linked to specific soft skills. Unlike traditional self-report questionnaires, which
rely on subjective interpretations and self-perception, serious game or gamified
solutions may be designed to generate measurable, real-time data based on candi-
dates’ actions within the game, enabling a more objective understanding of their
soft skills. However, a potential disadvantage of such an approach is the risk of
misinterpreting behavioural data due to the complex nature of soft skills [174].
Potential issues may arise when relying solely on game-based assessments to mea-
sure candidate abilities. One concern is the validity of the game-based assessment,
as it is essential to ensure that the game accurately measures the desired skills and

competencies and does not inadvertently assess irrelevant factors.

Overall, while game-based assessments offer an objective way of evaluating candi-
date abilities, organisations must address the potential drawbacks and ensure that
these tools are used alongside other selection methods to provide a comprehensive

and fair evaluation of applicants[175].

3.1.5 Game-Based Assessment to Address Bias

Some game-based assessments based on serious games and gamified solutions have
also emerged as a promising approach to counteract biases in the recruitment
and selection process by offering several advantages such as addressing uncon-
scious bias, reducing stereotype bias, minimising halo effect, enhancing objective

decision-making, and encouraging diversity and inclusivity.
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FIGURE 3.6: Circuit Runner game. The left division portrays the player’s nav-
igation and interactivity within the labyrinth, whereas the right is subdivided
into two segments. The upper subsection (A) showcases the conversational his-
tory between the player and the virtual agent. The lower subsection (B) presents
the player’s possible responses and prompts a numeric selection of these choices.

[1]

Firstly, unconscious biases, such as stereotype biases, the innate human tenden-
cies of automatic judgements and assumptions about individuals predicated on
characteristics such as race, gender, and age, pose significant challenges in the
recruitment and selection process [176]. For instance, game-based assessment, by
using anonymised avatars or pseudonyms, can partially mitigate these biases by
dissociating a candidate’s identity from their evaluation, thus focusing the as-
sessment on in-game performance [133]. However, unconscious biases could still
emerge based on nuances of candidates’ gameplay, such as decision-making speed
or character interactions. Stereotype bias, a subcategory of unconscious bias, in-
volves individuals’ evaluations being influenced by preconceived notions or stereo-
types about their social group [177]. Similarly, some game-based assessments could
counteract stereotype bias by providing a context-rich environment for candidates
to display their competencies across various situations, thereby enabling a more
comprehensive understanding of their capabilities. The game format redirects
assessors’ attention towards candidates’ actions and decisions rather than stereo-
types or superficial characteristics. Yet, game-based assessment implementation
presents challenges, including the risk of inadvertently reinforcing stereotypes in

game design [178] and the possibility that the diversity of game scenarios might not
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encompass all skills and competencies requisite for specific job roles, potentially

leading to incomplete candidate assessments.

Another threat an assessor may face in selection is the halo effect [179]. The
halo effect refers to the tendency to attribute positive qualities to individuals
based on their overall favourable impression, which can lead to biased assessments
during the recruitment and selection process. Game-based assessment could be
designed to help minimise the halo effect by providing objective, quantitative
performance data that can be analysed and compared across candidates. This
data-driven approach reduces the influence of subjective impressions, ensuring
that candidates are evaluated based on their actual performance in the game rather
than on superficial aspects that may create a halo effect. While such game-based
assessment could minimise the halo effect by providing objective performance data,
the interpretation of this data may still be subject to bias. When analysing the
data, recruiters and hiring managers may be influenced by pre-existing beliefs or

personal preferences, which could lead to biased decision-making.

Additionally, a crucial aspect of reducing bias in the recruitment and selection
process is the promotion of objective decision-making among recruiters and hiring
managers [180]. Some game-based assessments could support this by providing a
standardised and structured assessment framework, which enables the comparison
of candidates’ performance based on predefined metrics and criteria. The data gen-
erated by the specified game-based assessments could be used to create evidence-
based insights, which can inform the decision-making process and minimise the
influence of subjective factors that could lead to biased judgements. Although
game-based assessments could be designed to promote objective decision-making
through standardised assessment frameworks, the reliance on quantitative metrics
may not capture the full spectrum of candidates’ skills and abilities, particularly in
relation to soft skills and interpersonal competencies. As a result, the overempha-
sis on data-driven insights may inadvertently limit the comprehensive evaluation

of candidates.

Finally, promoting diversity and inclusivity is essential to countering biases in
the recruitment and selection process [181]. Specifically designed game-based
assessment can foster an inclusive assessment environment by offering a variety
of game genres and scenarios that cater to different interests, preferences, and

cultural backgrounds. This approach ensures that candidates are provided with
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equal opportunities to showcase their skills and abilities, irrespective of their dif-
ferences, leading to a more equitable and unbiased selection process. While some
game-based assessments aim to foster an inclusive assessment environment, the
development of games that cater to a diverse range of interests and preferences
can be resource-intensive and time-consuming [133]. Additionally, the accessibility
of digital game-based assessment may be limited for candidates with disabilities
or those who lack access to the necessary technology, which could inadvertently

exclude certain groups from the recruitment and selection process.

In conclusion, specifically designed game-based assessments could offer a promis-
ing alternative to traditional recruitment and selection methods. Such assessments
may also be designed to effectively reduce various biases and promote diversity
while challenging the limitations in assessing soft skills and concerns about acces-

sibility and inclusivity.

3.1.6 Conclusion

In conclusion, the use of specific game-based approaches in HR recruitment and
selection has demonstrated promising potential in enhancing various aspects of the
process. However, the academic literature has not yet fully captured the scope and
implications of these rapidly evolving practices. Indeed, the academic literature
mainly focuses on the advantages of game-based assessment for the recruitment
and selection process. Consequently, no generic framework was proposed to create
such game-based assessment means to our knowledge. Therefore, in the following
section, we will discuss the strategy adopted in our research that involves the
gamification of existing traditional methods, such as the situational judgement

tests.

3.2 Game-based Soft Skill Assessment

Landers [182] and Hamari et al. [5] studies suggest that the gamification of existing
methods rather than creating an entirely new serious game may be more accessible
and more practical. Therefore, taking into account the latter suggestion and the
contextual particularities presented in the previous paragraph, we have selected

the following guidelines:
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e Easily adaptable and scalable assessment means.

e User-friendly assessment methods that are simple to implement for diverse
designers and stakeholders, ensuring seamless and cost-efficient integration

and collaboration.

e Assessment means that promote soft skills and behavioural assessment through

stealth assessment.

These guidelines led us to focus our research on the gamification of low-fidelity
simulations such as situational judgement tests, initially studied by Geor-
giou et al. [49] based on simulated work-related scenarios in a game, who argue

that these tests hold significant potential as valid game-based assessment tools.

3.2.1 Simulations for Recruitment and Selection

Simulations are components of candidate performance assessment and rely on the
principle of behavioural consistency. This key concept contends that there is
a correlation between a candidate’s simulation performance and their real-world
job performance [183, 184]. Interestingly, the application of this principle diverges
between high-fidelity and low-fidelity simulations.

Low-fidelity simulations, such as situational judgement tests (SJTs), prioritise
evaluating a candidate’s procedural knowledge by understanding effective and in-
effective behaviours within job-related scenarios. This type of knowledge is often
deemed a reliable indicator of future job performance. Low-fidelity simulations as-
sess the candidate’s abstract understanding of appropriate actions across a range
of professional situations without necessitating the direct performance of the tasks
[183]. They present hypothetical, job-related circumstances and require
candidates to identify the most fitting response or sequence responses based
on their predicted effectiveness [31]. The scenarios can be conveyed through text

or multimedia, with each scenario followed by multiple-choice questions.

For example, Oostrom et al. evaluate the soft skill 'Prudence’ from their SJT
created in their study [185] and based on the HEXACO model:
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Example of an SJT item

You are instructed to give a presentation to three board members. You have

sufficient time to prepare the presentation. What would you do?

e A) I would start preparing the presentation an hour in advance because

I perform best under pressure. (1)

e B) I would prepare the presentation a few days in advance and then check

and practice the presentation at the last minute. (2)

e C) I would finish the presentation way in advance and carefully check

the presentation. I would practice the presentation at the last minute.

3).

e D) I would finish the presentation way in advance. I would carefully
check the presentation a few times myself and then have a colleague look
at it as well. Way in advance, I would run through the presentation a

few times so I know it by heart. (4)

In this example, the preferred response would typically be option D, as the re-
searchers noted by ranking the item answers from 1 to 4, with 1 as the least

preferred answer and 4 as the most preferred answer.

While not designed as direct measures of personality, research implies that SJTs
can shed light on various personality traits, as argued by Cabrera et al. [186], who
highlight connections between SJTs and traits like conscientiousness, emotional

stability, and extraversion.

It is crucial to differentiate SJTs from self-report personality tests such as the
Myers-Briggs Type Indicator (MBTI), Big Five, or HEXACO surveys. Although
they both involve personal insight, self-report tests prompt individuals to reflect
on their behaviours, feelings, and attitudes and provide self-descriptions.
In contrast, SJTs necessitate judgement and decision-making skills in re-
sponse to specific scenarios, making them less subjective and more reflective

of a candidate’s likely real-world behaviour.

Conversely, high-fidelity simulations, like those employed in assessment centres,
prioritise the evaluation of a direct candidate’s behaviours in a situation.

These include in-basket exercises, where participants respond to typical job-related
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tasks, role-playing scenarios that evaluate interpersonal skills, group exercises that
assess teamwork and leadership capabilities, and business games that test strate-
gic decision-making and financial management [187]. Additionally, virtual reality
simulations are used for roles requiring specific technical skills, providing a realis-
tic work environment [188]. The choice of simulation offers candidates a platform
to display their procedural knowledge and skill set through tangible behaviour
[183]. They involve more realistic, immersive, task-specific scenarios that
closely mirror the job environment. The behaviours observed during these
simulations are then extrapolated to predict future on-the-job behaviour [189].
Despite the comparable psychological fidelity between the Situational Judgement
Tests (SJT) and assessment centers utilised in this research, Blair et al. highlight
in their study that the assessment centers may prove to be a more reliable and

accurate predictor of outcomes over an extended period [190].

In conclusion, low-fidelity simulations emphasise the assessment of a candidate’s
understanding of effective job-related behaviours. In contrast, high-fidelity
simulations permit the direct observation of these behaviours in lifelike
settings. Both simulation types aim to predict future job performance
based on behavioural consistency but use different evaluative approaches to
achieve this goal with high-fidelity simulations that tend to be more valid than
low-fidelity simulations over time. Yet, high-fidelity simulation may not follow the
guidelines expressed in the premises of the section as such assessment means are

long, tedious and not scalable by their nature.

Given the strengths and weaknesses of both high-fidelity and low-fidelity simula-
tions, our research will focus on the application of gamified situational judge-
ment tests (GSJT). This approach may leverage the advantages of both simula-
tion types, aligning with our guidelines. Gamified SJTs may provide an engaging,
scenario-based evaluation platform similar to high-fidelity simulations, allowing
for the observation of behaviours in a simulated environment. At the
same time, they may maintain the convenience, scalability, and focus on
procedural knowledge inherent in low-fidelity simulations. Therefore, a

GSJT may be categorised as a mid-fidelity simulation.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 59

3.2.2 Gamified Situational Judgement Tests

Gamified situational judgement tests (GSJT) essentially are SJTs that employ
game-like features and present candidates with authentic, work-related scenarios,
requiring them to select the most appropriate response from multiple options (see
Figure 3.7). By incorporating game elements such as narrative, role-playing,
and challenges, these tests strive to provide a more engaging and enjoy-
able experience for candidates while effectively evaluating their decision-

making, as well as job-relevant soft and interpersonal skills [49].

Best Choice % Worst Choice

arsmen to keep.
and . You are halfway between shore and ship
when points at the water and cries out in alarm.

le you look for a way to draw
the sharks away.

"Sharks!"

Three great whites are closing in fast. If one of them rears
up underneath your longboat you'll all be cast into the sea.

You could look to Antoinette, the scholar among

What do you do? \ you, to see if she has any insight re
about sharks and their likely behavio

You could ordel
they can for the ship

javascriptvoid(0)

FicURrE 3.7: Example of a Gamified Situational Judgement Test for soft skill
recognition by Owiwi !

Moreover, the gamified situational judgement tests align with the guidelines chosen
for our research domain, as they offer easy adoption and intuitive gameplay
through realistic work-related situations. They also provide adaptability
and scalability through modifiable external resources, such as scenarios and
graphic assets. Additionally, the tests implement stealth assessment with a
game dynamic that stimulates participant motivation based on narrative and

interactive activities, which, in turn, promotes test anxiety reduction [49].

While gamified situational judgement tests (GSJT) are progressively gaining trac-

tion in psychometric assessment in industries, it is important to underscore that

LOWIWTI is a Greek company mainly activated in serious games’ software production for soft
skill recognition.
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the body of research surrounding this innovative approach is still in its formative
stages. As the concept is relatively new, empirical studies devoted explicitly to
understanding, designing, applying, and evaluating GSJT are relatively limited

compared to the extensive body of literature on traditional SJTs [191].

However, through their literature review, Aouam et al. [191] examined GSJT re-
search, along with other game-based assessment approaches research for personnel
and recruitment selection. The outcomes of this exploration illuminated four pri-
mary themes prevalent within the body of knowledge related to gamification in

the context of personnel selection.

e The first theme revolves around candidate reactions and perceptions
towards gamification tools and serious games. It was found that gen-
der significantly influences candidates’ perceptions, with men generally re-
acting more positively than women. Moreover, these tools were shown to
have a high-reliability level and could assess various soft skills, such as dili-
gence, self-control, and task orientation. Additionally, candidates’ attitudes
towards gamification correlate positively with their satisfaction levels, inten-

tions to recommend, and perceived organisational attractiveness.

e The second theme explores applicant responses to gamified selection
tests. Empirical studies showed no significant influence of gamified situ-
ational judgement tests on applicants’ perceptions of fairness and organi-
sational attractiveness. However, using these tests contributes to a higher
favorability rating than traditional selection tests, leading candidates to per-

ceive the organisation as innovative.

e Third theme focuses on candidate performance within a gamified se-
lection process. Research suggests that gamified selection tools can predict
job performance by measuring soft skills such as adaptability, flexibility, and
decision-making. Moreover, gender was found to influence candidates’ per-

formance in a gamified selection process.

e The final theme discusses the benefits and limitations of gamification.
Using gamification in the personnel selection process decreased candidate
stress and anxiety while increasing motivation and involvement. Moreover,
gamified selection tools can detect specific soft skills often overlooked by tra-

ditional selection tools. However, applying these tools requires considerable
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financial resources and implementing a robust design to ensure tool validity

and reliability.

Despite the preliminary positive results from the literature review, the relative
scarcity of research in the game-based assessment research domain for recruitment
and selection presents a dual challenge. Firstly, it creates a knowledge gap in
understanding the full range of benefits, potential pitfalls, and optimal
design strategies associated with GSJT. Secondly, it limits the capacity to
draw definitive conclusions about their validity and reliability in eval-
uating soft skills and behavioural traits [192]. Finally, no framework to
create a game-based assessment approach is proposed to generate a

gamified situational judgement test.

The need for more rigorous and comprehensive research on GSJT is thus evident.
Expanding the research domain will provide valuable insights into the potential
of GSJT in different contexts and populations and contribute to refin-
ing their design and implementation for enhanced effectiveness. This
would consequently enrich the methodological toolkit of psychometric as-
sessment and deepen the understanding of the utility of gamification in the

realm of psychological testing [133, 193].

Given the current landscape of gamified situational judgement test (GSJT) re-
search, with its manifold yet largely unexplored opportunities and challenges, a
compelling need exists to expand the research terrain. This can be achieved by
carefully exploring various facets of GSJTs, particularly their creation and design
processes. In this light, a contribution of the thesis focuses specifically on these as-
pects of GSJTs design and production. In so doing, we aim to add to the existing
knowledge base and potentially catalyse further research activity in this emerging
field. Our goal is to facilitate a more seamless integration of gamification
principles into psychometric assessment practices, thereby advancing
the science and utility of psychological testing through GSJTs based on

interactive narrative game genre.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 62

3.2.3 Interactive Narrative Game and Gamified Situational

Judgement Test

Interactive Narrative Games (ING) encompass a distinct genre of video games
that prioritise the narrative structure and players’ agency. In these games,
players take on the role of a protagonist, engaging with other characters and
exploring various environments within the game world. Players can influence the
narrative’s progression and direction through dialogue options, actions, and
other interactions, including different endings, character outcomes, and
story consequences. INGs can manifest in several forms, such as role-playing
games, point-and-click adventure games, or visual novels. These games are
known for their intricate characters, profound storylines, and captivating

environments, enabling players to become fully immersed in the game world.

Well-known examples of ING include the Danganronpa series, Life is Strange, and
The Walking Dead series (see Fig 3.8). These games have garnered acclaim for
their inventive storytelling and ability to engage players in emotionally impactful

narratives.

.1

Pursue te lie
Let it go
Run away

| have to decide right here and now whether or not to
expose Kyoko's lie...!

Danganronpa

FiGure 3.8: Example of Interactive Narrative Games: Life is Strange, The
Walking Dead, Danganronpa)
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There are noteworthy similarities between ING and traditional Situational Judge-
ment Tests (SJT). Both activities heavily rely on decision-making as a core
element. Furthermore, storytelling is a crucial aspect that captivates players or
test-takers in ING and SJT. INGs are renowned for their enveloping narratives,
emphasising character development and granting players a sense of agency within
the game world. On the other hand, SJT employs realistic situations to provide a
narrative context that engages test-takers and prompts them to consider various

factors affecting decision-making in real-life circumstances.

Lastly, ING and SJT provide highly engaging and immersive experiences. The
ability of these activities to transport players or test-takers into alternate realities
or situations is a significant factor contributing to their allure. Understanding the
parallels between ING and SJT can inform the development of gamified assessment
tools, such as Gamified Situational Judgement Tests (GSJT).

Consequently, our work is centred around the development of game-based
assessment, drawing from interactive narrative games, aimed at evalu-

ating a wide range of diverse candidates.

Having defined ING and GSJT with their significance for recruitment and selection

processes, we will now explore the challenges of devising such assessment tools.

3.3 Toward the Design and Conception of GSJT

As previously elucidated, the concept of Gamified Situational Judgement Tests
(GSJT) constitutes a relatively nascent development in academic liter-
ature. As such, the present section aims to interrogate the breadth of extant
research on this subject. We will examine the complexities of designing a
Situational Judgement Test (SJT), with a particular emphasis on the un-
derlying scoring systems. This aspect of our study is particularly pertinent,
as it has the potential to impact the validity and efficacy of GSJT as a research

instrument.

Simultaneously, our investigation will explore and elucidate the principles guid-
ing the creation of ING as the chosen medium in our thesis for using the GSJT

approach in soft skills and behavioural recognition.
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By adopting this dual-pronged approach to the literature review, we hope to tri-
angulate data from disparate sources, thus providing a holistic perspective. This
comprehensive exploration of the intricacies of SJTs and the design and concep-
tion process of ING will serve as a foundation upon which we intend to propose
an original solution, thereby addressing the research questions that motivate this

study.

3.3.1 Stakeholders involved in Situational Judgement Test

We highlighted earlier that situational judgement tests (SJTs) are increasingly em-
ployed in recruitment and personnel selection due to their effectiveness in predict-
ing job performance and their capacity to assess soft skills, such as communication,

problem-solving, and interpersonal abilities [194].

The process of SJT development requires a team of specialists with complementary
skills and knowledge. Primary contributors often include industrial-organisational
psychologists, subject matter experts (SMEs), and human resource

(HR) professionals.

e Industrial-organisational psychologists bring their understanding of hu-
man behaviour within workplace contexts to the design and development
of SJTs. Their expertise often guides the item generation and validation
process, ensuring that the tests are reliable and effective measures of the

attributes they intend to assess [195].

e SMEs, with their in-depth understanding of the roles for which the SJTs
are being developed, contribute significantly to constructing scenarios and
response options that genuinely reflect the situations that could potentially

occur in the respective jobs. Their involvement thus ensures the content
validity of the SJT [196].

e HR professional ’s role is to ensure alignment of the SJT's with the organ-
isation’s overall recruitment and selection objectives. They provide valuable
insights about the practical considerations of administering the SJT, such as

test duration, format, and available resources for its implementation [49].
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3.3.2 Design and Conception of Situational Judgement Tests

Working together, the stakeholders generally follow a structured, multi-stage pro-
cess (see Figure 3.9), beginning with a comprehensive job analysis to generate

an SJT [197].

e eInformed by the outcomes of a role analysis study
Develop test specification

LAV (oY I ] B BN SN R (=0 efe a1 * Written and reviewed using knowledge from appropriate
options subject matter experts (SMEs)

. _ eSeeking input from different group of SMEs
Establish scoring key

. e|n line with test specification
Test construction

. eTo measure fairness, psychometric properties and
Pilot the test candidate reactions

*To analyse psychometric properties and performance of SIT
items

Psychometric analysis

eSecurely storing SIT information for ongoing development
Maintain SJT items in an item bank i 2 AL 2

FIGURE 3.9: Situational Judgement Test Design and Production Process (From
Patterson and Driver, 2018, p. 82)

This analysis identifies key competencies or constructs that the SJT will assess,
utilising observations, interviews, and surveys to gather data about the job’s tasks

and the knowledge, skills, and abilities required for effective performance.

Following job analysis, item generation is undertaken. This involves creating
a series of job-related situations and corresponding potential responses. These
situations aim to reflect the intricacies and challenges inherent in the job role, and

the responses typically represent varying degrees of effectiveness.

Once items are generated, scoring the items’ responses is carried out. Several
methods exist to score the item’s responses, such as consensus, expert-based, and
rational scoring. Following our objective to assist psychometric experts in devel-
oping a relevant in-game soft skill measurement system, we will provide further

and extensive details about the different methods in the chapter 6, section 6.1.

Then, the SJT undergoes test construction in line with test specifications and

pilot testing with a representative sample of the target population. Statistical
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analyses assess item functioning and test reliability. Based on the results, necessary

revisions are made to the items.

Finally, psychometric analyses are performed to check the reliability and va-

lidity of the items before being stored in an item bank.

In conclusion, the design and conception of SJTs necessitate an amalgamation
of expertise from industrial-organisational psychology, HR, and subject matter
expertise underpinned by a rigorous and systematic methodology. When properly
developed, SJTs may offer a robust, valid, and effective personnel selection and

recruitment tool.

3.3.3 Design and Conception of Interactive Narrative Games

Interactive narrative games signify a distinct sphere within the larger frame-
work of digital entertainment. In these games, the two foundational elements,
player agency and interactive storytelling intertwine seamlessly to engender ro-
bust, immersive experiences [198]. Unlike conventional games, where the story
often forms a backdrop, interactive narrative games place narrative as a central
pillar of the gaming experience. The design of these games is thus an exercise in
achieving equilibrium between game mechanics and the unfolding of the narrative,
striving to deliver an experience that rewards players not just through gameplay

but also through narrative progression [199].

Designing interactive narrative games involves understanding and implementing
principles from disparate disciplines such as game design, narrative theory, and
psychology. A fine balance must be achieved where the mechanics of the game
and the narrative structure weave together into a compelling whole that draws
the player in and holds their attention. This balance allows players to feel that
their participation in the game universe is meaningful and consequential, further

enriching the overall gameplay experience.

Narrative structures within interactive games can be categorised broadly into four

main types: linear, branching, modular and emergent (see Figure 3.10):

e Linear narratives echo traditional literature and film, following a fixed

storyline with predetermined events [200]. This structure ensures a coherent,
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author-driven narrative but potentially limits player agency and the ability

for unique player experiences.

e On the other hand, branching narratives provide players with the oppor-
tunity to directly influence the progression of the story. Player decisions can
lead to different outcomes and divergent paths, thus offering a higher level
of agency [201]. However, the design of such games can quickly become in-
tricate, as each decision can exponentially increase the number of potential

narratives, a phenomenon referred to as a ’combinatorial explosion.’

e A modular narrative structure refers to a storytelling structure organ-
ised in self-contained, interchangeable segments or modules. Unlike linear
or branching narratives that follow a continuous, sequential path, modular
narratives can be reassembled in different orders, offering multiple paths and
outcomes for the story. Each module serves as an autonomous unit with its
own arc, contributing to the overall narrative while simultaneously being

capable of standing independently.
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e Emergent narratives offer a different approach altogether, which has been
gaining traction in recent years. Instead of scripting the narrative in advance,
emergent narratives rely on systemic interactions within the game world
to generate storylines. These narratives can be highly unique and unpre-
dictable, providing the player with a sense of trustworthy agency. However,
this structure’s inherent unpredictability may make maintaining narrative
coherence and consistency challenging. Therefore, such an approach may
be applied through the use of a drama manager, which plays a central role
in managing and adjusting the narrative arc of a story in response to the
actions and decisions of the player, creating a more dynamic, immersive and

personalised interactive experience[202, 203].

3.3.3.1 Drama Manager in Interactive Narrative Games

While linear and branching narratives are pre-scripted structure that require
no real-time and in-game management, the modular and emergent narrative is
dependent on the player agency; therefore, a drama manager is needed to
control them. Though not new, the concept of a Drama Manager has evolved
significantly over the years. The earliest notion of a Drama Manager can be traced
back to work by Bates [203] and Laurel [202], who envisaged the role of a computer
as a director of a drama, suggesting that a computer could manipulate the
dramatic unfolding of an interactive experience much like a theatre director.
This idea provided a foundation for later work on interactive storytelling and

paved the way for the development of the Drama Manager (DM).

Drama management in the field of interactive narrative games refers to an arti-
ficially intelligent system tasked with the responsibility of dynamically adjusting
the progression of the game’s narrative in response to the actions of a player [204].
A drama manager’s role can be akin to that of a digital 'dungeon master’?, guid-
ing the player through the narrative, adapting it on-the-fly, ensuring the overall

cohesiveness and engagement of the story [205].

The primary objective of a drama manager is to ensure that the story remains

meaningful and coherent irrespective of player actions, thereby enhancing

2In the Dungeons & Dragons (D&D) role-playing game, the Dungeon Master (DM)
is the game organiser and participant in charge of creating the details and chal-
lenges of a given adventure while maintaining a realistic continuity of events. -
https://en.wikipedia.org/wiki/Dungeon ysaster
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player engagement. The DM also facilitates player agency by allowing players to

influence the story through their actions.

There are several techniques that drama managers may utilise to shape the nar-
rative. These may include but are not limited to variable control, plot graph
manipulation, character behaviour modification, and world-state transformation
[206]. For example, in Facade, a popular interactive drama game in the domain,
the drama manager assesses the player’s dialogue inputs and manipulates the char-

acters’ responses to guide the narrative [204].

As technology and AI methodologies evolve, the complexity and efficacy of drama
managers have also grown. Recent advancements include machine learning tech-
niques for more nuanced player modelling and the employment of procedural con-
tent generation for creating diverse narrative elements [207]. Such advancement
in the domain may enable the development of more sophisticated player models
that capture the player’s emotional state and cognitive traits and could enable the
DM to craft narratives that resonate more deeply with the player, paving the way

for genuinely personalised interactive experiences.

However, the challenge of striking the perfect balance between player agency and
narrative coherence remains a key issue in the design of drama managers, especially

when several non-playable characters are involved in the story.

3.3.3.2 Non-Playable Characters in Interactive Narrative Games

Non-playable characters (NPCs) in interactive narrative games serve a piv-
otal role in augmenting the depth and realism of the game world. They
influence player immersion and engagement, assist in advancing the storyline, and
contribute to the complexity of the game’s decision-making and strategic elements
[208].

Indeed, NPCs significantly enhance the player’s immersion and engagement by
contributing to the world-building aspect of the game. By exhibiting behaviours
consistent with the game’s setting and narrative, NPCs provide a sense of au-
thenticity and depth to the virtual world. This can lead to a more immersive
and compelling experience for players as they interact with characters who react

realistically within the context of the game world [209].
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Additionally, NPCs often act as drivers of the game’s narrative, delivering
crucial information, quests, or challenges to the player. They serve as a conduit
for the game’s story, providing exposition, context, and motivation for the player’s
actions. Through interactions with NPCs, players can uncover layers of the game’s
narrative, enhancing their understanding of the game’s plot and its underlying

themes [210].

Finally, NPCs can also contribute to the strategic and decision-making as-
pects of interactive narrative games. Complex NPC behaviour can provide a
challenge and stimulate strategic thinking, as players must consider how their ac-
tions might influence the NPC’s reactions. In games where the narrative branches
based on player choices, NPCs’ responses to player decisions can lead to different

story outcomes, enhancing the game’s replayability [200].

Finally, NPCs can provide a nuanced moral and ethical dimension to the
game. Through their interactions with the player and reactions to the player’s
decisions, NPCs can highlight the moral and ethical implications of the player’s

actions, thus enriching the narrative and emotional depth of the game [211].

In summary, the importance of NPCs in interactive narrative games extends be-
yond merely populating the game world. They contribute to immersion and
engagement, drive the game’s narrative, facilitate strategic decision-
making, can imbue the game with moral and ethical complexity. There-
fore, effective design and integration of NPCs are crucial for creating rich, engag-
ing, and dynamic interactive narrative games. Furthermore, these NPCs possess
the potential to significantly influence player agency, further emphasising their

significance in the overall gaming experience.

3.3.3.3 Player Agency, Assessment System and Interactive Storytelling

Player agency, defined as the player’s ability to make decisions that signif-
icantly influence the game world, is a critical element in the design of interactive
narrative games. Ensuring player agency requires striking a balance between of-
fering players meaningful choices and maintaining the integrity of the narrative.
The narrative might become disjointed or incoherent if the game offers too many
choices. Conversely, too few choices can leave players feeling like passive observers

rather than active participants. Facade (see Figure 3.11), a game developed by
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Mateas and Stern [204], is an example of successfully striking this balance. In Fa-
cade, an Al-driven drama manager dynamically adjusts the narrative progression

based on the player’s actions, balancing player agency and narrative coherence.

Grace, T -- I just wanted
to share that moment
with our friend.

FIGURE 3.11: Facade game by Mateas and Stern

The concept of player agency in interactive narrative games, as Facade exemplifies,
provides a range of unique advantages for recognising soft skills in the recruitment

and selection process.

One critical aspect of player agency is the power of players to make meaningful
choices, significantly influencing the game world. These decisions can offer sub-
stantial insights into an applicant’s decision-making abilities. This includes their
capacity for strategic thinking, balancing multiple options, and considering the
potential consequences of their actions. Such observations may not be readily

apparent in more conventional recruitment contexts.

Furthermore, the balance Facade strikes between player agency and narrative co-
herence promotes active participation over passive observation. In an en-
vironment where the narrative adjusts dynamically based on the player’s actions,
the candidate’s adaptability can be observed, indicating their potential response

to change, strategy adjustments in response to new information, and management
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of unexpected situations. This necessitates an intelligent, embedded assessment

system to interpret player behaviour within the gameplay experience.

In conclusion, the concept of player agency in interactive narrative games can be
a dynamic, engaging, and insightful tool for recognising and assessing soft skills
during the recruitment and selection process. Key attributes and skills can be
revealed by providing an environment where candidates’ decisions and interactions
have a real impact. The balance between player agency, assessment system and
narrative coherence may be essential for the efficacy of an innovative approach to

fair and coherent recruitment.

3.3.4 Stakeholders involved in Interactive Narrative Games

The conception phase of interactive narrative games marks the beginning of the
game development cycle. It involves generating and refining the game’s initial idea,
defining its primary components, and planning its eventual execution [212]. This
phase is crucial, as it sets the foundational framework upon which the game will
be built, and it involves various stakeholders, including game designers, narrative

designers, artists, and programmers:

e Game Designers: Game designers are responsible for designing the game
mechanics and rules that will drive the gameplay. They must consider how
these mechanics interact with the narrative to create a satisfying and coher-

ent player experience.

e Narrative Designers and writers: Narrative designers and writers focus
on crafting the game’s story and how it unfolds based on player decisions.
They often work closely with game designers to ensure the narrative and

gameplay are tightly integrated.

e Artists and Creative population: Artists and creative population con-
tribute to the game’s aesthetic, creating the visual elements that bring the
game world to life. This includes character design, environment design, and
user interface design. They must cooperate with the narrative and game

designers to ensure a cohesive vision.

e Programmers: Programmers are responsible for coding the game mechan-

ics, physics, and artificial intelligence, along with overseeing the monitoring
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and analysis of player data within the game. They also develop tools to assist
in the design and testing process. Their role in the conception phase often
involves planning the technical architecture and establishing the feasibility

of proposed game mechanics.

Each company may propose its own methodology and framework depending on its
resources and working routines. Yet, to help these stakeholders, several method-
ologies may guide the conception phase of game development. These are not
strict, inflexible rules but frameworks to aid in structuring and streamlining the

conception process.

e Iterative Design: This is a cyclic method of designing, prototyping, test-
ing, and refining a game. This methodology is particularly suited to game
design, as it allows for continual improvement and refinement based on feed-
back [212].

e Agile Development: Agile development methodologies, such as Scrum,
emphasise flexibility, collaboration, and incremental development. These
methodologies can be advantageous for interactive narrative game develop-
ment due to the inherent uncertainty and complexity of designing complex

narrative structures and gameplay mechanics [213].

e User-Centered Design (UCD): UCD focuses on designing games consid-
ering the end user’s needs and preferences. This approach can be beneficial in
interactive narrative game design, as it can help to ensure that the player’s
agency and the game’s interactivity are well-integrated into the narrative

structure [214].

In conclusion, the design and conception phases of interactive narrative games
involve a complex, collaborative effort from various stakeholders, each
bringing their expertise to the table. The use of structured methodologies
can help guide this process, aiding in coordinating the different elements and

ensuring that the game’s narrative and interactive elements are well integrated.
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3.4 Conclusion

In the first part of this chapter, we firstly explored the adoption of game-based
approaches in recruitment and selection processes engenders multifaceted
advantages that enhance both the quality and efficiency of the process. Firstly, an
enhanced candidate experience is offered, typically fostering greater engage-
ment and motivation among applicants. This emanates from the immersive and
interactive nature of the games, which diverges from traditional, often monotonous

methods.

Secondly, the candidate pool is broadened as game-based methodologies, be-
ing intrinsically attractive and novel, draw more diverse and numerous applicants.
This heightened appeal can encourage those who may have initially been reluctant

to engage in a formal recruitment process.

The third advantage pertains to eliciting improved applicant reactions to
the selection process. Game-based methodologies are often perceived as more
fair and enjoyable, thus engendering positive attitudes and fostering improved

organisational perceptions.

Fourthly, the provision of behavioural measures are facilitated, as game-
based selection methods provide an opportunity for applicants to display real-
world skills and abilities, rather than simply relying on traditional methods such
as cognitive testing or interviews, which may not always capture the full breadth

of a candidate’s potential.

Finally, game-based approaches may significantly mitigate the presence of assess-
ment biases. This can occur by establishing standardised, objective scoring metrics
less susceptible to subjectivity and bias than traditional recruitment methodolo-
gies. Moreover, because these games are typically grounded in scientific research
and psychometric principles, they may also provide a more accurate representation
of a candidate’s ability, thus enhancing the fairness and validity of the selection
process. In essence, game-based recruitment and selection offer a modern, robust,
and innovative solution to the challenges of traditional hiring practices, contribut-

ing to a more efficient, fair, and engaging recruitment experience.

In the second part, we revealed the nascent gamified situational judgement

test approaches used by the industries that want to propose the advantages of
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game-based approaches mixed with an easily adaptable, easy-friendly assess-
ment means. Indeed, we explored that a GSJT is a modern assessment tool that
combines the principles of gamification with the traditional structure of
SJTs to evaluate some individual’s soft skills and behavioural tendencies. Gami-
fication entails incorporating game-like elements into non-game contexts to foster

engagement and motivation.

In the context of recruitment, gamified SJTs present hypothetical scenarios rele-
vant to the job role, and candidates are asked to respond or make decisions based
on the situation presented. The responses provided offer insights into the can-
didates’ soft skills. These tests are constructed to mimic real-life situations,
making them more immersive and allowing for a more authentic and
holistic assessment of candidates’ abilities. The gamified element enhances
candidate engagement and can result in a richer, more comprehensive data set for
employers to evaluate. Thus, GSJTs may provide a more precise and objective
measure of a candidate’s potential for success in a given role, especially regarding

their soft skills and behavioural attributes.

Hence, we describe in the third part the design and the conception process
of both components constituting a gamified situational judgement test.
On one hand, we have the SJT, and on the other hand the interactive narrative
game genre. In addition, we highlighted the design and production process of a
GSJT. We highlighted three important concepts in the design and production of
a GSJT.

Firstly, the drama manager suggests that the role of a system as a drama director
could manipulate the dramatic unfolding of an interactive experience, much like
a theatre director. The primary objective of a drama manager is to ensure that
the story remains meaningful and coherent irrespective of player actions, thereby
enhancing player engagement. The DM also facilitates player agency by allowing

players to influence the story through their actions.

Second, we highlighted the importance of NPCs in ING and GSJT. NPCs in in-
teractive narrative games hold importance that transcends the mere population of
the game world. They facilitate immersion, drive the narrative, enhance strate-
gic decision-making, and can introduce moral and ethical complexity needed in a
GSJT. Consequently, their effective design and integration are essential for crafting

engaging and dynamic interactive narrative games. Furthermore, their potential
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to profoundly affect player agency further underscores their importance in the

overall gaming and assessment experience.

Finally, the coherence between player agency and the goal of GSJT to assess soft
skills has also been explored. We highlighted that player agency in interactive
narrative games, defined as a player’s power to make decisions that impact the
game world, is vital for game design as well as the measure of soft skill. This
agency also requires a careful balance between giving players meaningful choices
and maintaining the narrative’s integrity. A carefully designed GSJT can create
an environment where candidates’ decisions have a real impact, revealing key at-
tributes and skills while maintaining a balance between player agency, assessment

system, and narrative coherence.

However, to our knowledge, no framework has been proposed to generate a soft
skill assessment for GSJT. Hence, given the nascent nature of domain research,
our thesis aims to contribute to achieving our objectives by assisting designers in

developing a GSJT specifically tailored for recruitment and selection processes.

Within the forthcoming chapters, we introduce frameworks and models crafted to
navigate the research context. This context is centred on the facilitation of a
multidisciplinary team in conceiving a gamified situational judgement

test (GSJT) designed to recognise behavioural profiles and soft skills.

Furthermore, our investigation delves deep into the previously outlined three piv-
otal dimensions of GSJTs. These dimensions encompass the refinement of the
scoring system, ensuring both precision and equity, the artful construc-
tion of lifelike non-player characters (NPCs) to infuse authenticity into
the interactive realm, and the orchestration of a dynamic, captivating
narrative structure. These elements converge to yield an unparalleled and im-

mersive encounter that stands as genuinely distinctive.
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In this chapter, we observed that despite businesses adopting
game-based approaches for potential benefits, the academic
literature on the topic is still in its nascent stages and
does not fully address our research objectives as outlined
in Chapter 1. Thus, we explored the subject of gamified
situational judgement tests in this chapter, highlighting
the necessity for substantial collaboration within a multidis-
ciplinary team. Our focus was on exploring research areas
that could assist in the development of a game-based
assessment for behavioural profiling, aligning with the

primary objective of our thesis to aid GSJT designers.

Research Objectives:

e Objective A: Develop a game-based approach for

immersive behavioural assessment

e Objective B: Propose innovative strategies to

streamline the gamification process.
Research Areas:

e Gamified Situational Judgement Tests approach

for behavioural recognition

e Frameworks to aid a multidisciplinary team in

generating a GSJT

e Drama Manager for narrative coherence and dy-
namic tension between player agency and autho-
rial control in GSJT

e Computational Psychometric Scoring Ap-

proaches for GSJT scoring processes

e Machine and deep learning models to create re-

alistic non-playable characters in GSJT



Chapter 4

Proposing a Meta-Framework and
a Preliminary Framework to
Generate a Gamified Situational

Judgement Test

The previous chapter mentioned that gamified situational judgement test design is
quite new in academia. Despite its clear potential, there is a noticeable lack of
extensive research and development in this area. As a result, there is a knowledge
gap that could benefit from a more structured approach to handle the complexities

of creating such an assessment tool.

To bridge this gap, we chose to conceptualise the generation of GSJT through a
structured framework architecture and a methodology capable of de-
lineating the nuanced process of transmuting a traditional SJT into an
engaging game. The goal is to propose overcoming the limitations of an isolated
viewpoint and adopting a more holistic method. This approach would simultane-
ously recognise and tackle the complex challenges of converting SJTs into serious

games.

With this backdrop, we propose a preliminary meta-framework and a frame-
work to generate a gamified situational judgement test. While the meta-
framework aims to give GSJT designers a global overview and key guidelines
to create a GSJT or the possibility to create their framework, the framework pro-

posal, based on the meta-framework, aims to equip designers with a holistic,
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robust, and versatile tool, encapsulating a detailed procedural blueprint
for designing and producing a GSJT. The proposed structure represents a

generalised approach to gamification.

This framework not only embraces an integrative approach that considers the
larger picture of SJT gamification, thereby setting a new precedent in the academic
discourse surrounding GSJT design and production but also offers a representation
of the actors and the roles involved in the creation of a GSJT previously presented

in section 3.3.

4.1 Meta-framework for designing and creating

Gamified Situational Judgement Test

In this section, we will first provide an overview of the meta-framework and then
elaborate on our preliminary proposal for a comprehensive methodology of collab-
orative GSJT.

We will identify the roles of various actors involved in the GSJT creation process
and outline each phase of the methodology, highlighting the specific contributions
of each role. The elements presented in this section draw upon our literature
research, the field experiment, and an analysis of practices from a video game

company.

Hence, we outline in the following a GSJT generation process with different stages,

described in Georgiou et al.’s study [49]:

e Identification of Core Competencies and Skills: The researchers first
identified the most common skills and competencies organisations look for
when hiring, especially for entry-level and graduate positions. These in-
cluded adaptability, flexibility, learning agility, knowledge breadth, multi-
cultural perspective, decision-making, resilience, and ability to work under

pressure.

e Selection of Skills for Assessment: They then selected four increasingly
relevant skills in contemporary work environments: resilience, adaptability,
flexibility, and decision-making. These skills were chosen to form the dimen-

sions of the Situational Judgement Test (SJT) and the gamified assessment.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 80

e Decision to Use Gamified Assessment: The researchers decided to use
a gamified assessment due to the difficulty of transferring and assessing soft
skills compared to hard skills. They also used references to previous studies

to support the suitability of gamified assessments for these kinds of skills.

e Choice of Gamification Type: The authors then chose the type of gam-
ification to use, drawing from a taxonomy of gamification elements used in
educational contexts. They followed certain gamification design principles:

engagement, feedback, progress, freedom of choice, and storytelling.

e Development of Gamified SJT Assessment: The authors developed
the gamified SJT assessment using game mechanics that served the above-

mentioned principles.

— For instance, in their research, Georgiou et al. [49] propose to the test-
takers to select a hero/avatar and provide each character with a back-
story. The story follows the heroes on a journey through four islands,
one for each soft skill assessed. Visual and voice-overs are used for sto-
rytelling to increase engagement. The researcher also displays a visual
progression bar that shows the test-takers’ progress in the assessment,
and a world map shows the islands they have traversed. Moreover,
test-takers rewards are intrinsic (completing the missions) and extrin-
sic (receiving feedback on their competencies after the game). Finally,
the test-takers can choose their avatar, skip the narrative, and leave the

game anytime, continuing later from where they left off.

e Balancing Assessment and Game Mechanics: The authors balanced
the assessment and game mechanics to make the experience fun and engaging
without alienating non-gamers and to ensure fair and equal opportunities for

all test-takers.

Our following proposal of meta-framework is based on the research of Georgiou
et al. [49] and relies on three dimensions: Behavioural Psychology, Situa-

tional Judgement Tests, and Gamification (see Figure 4.1).

e The Behavioural Psychology dimension serves as the foundational layer
for understanding individual responses in specific situations. Rooted in var-

ious psychological theories, this area is key for assessing personality traits
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and behavioural patterns. By incorporating elements from human resources,
educational psychology, and data analytics, a nuanced understanding of be-

haviour within a professional or academic setting is achieved.

e The SJTs dimension is the core of the assessment methodology. Derived
from psychometrics and cognitive psychology, this area focuses on crafting
realistic scenarios that require judgement, decision-making and soft skills en-
gagement. The domain encompasses job analysis and assessment technology

principles to ensure the tests are valid and easily administered.

e The Gamification dimension adds a layer of engagement to traditional
SJTs. Borrowing concepts from game design and motivational psychology,
this area seeks to enhance user interaction and data capture. It is not merely
an overlay but an integral component enabling stealth assessment for be-

havioural recognition.

1 Soft
Skills
List

Graphic
i Assets

Story,
Narration
&
Dialogues

Scoring
System

Situational
Judgement
Test (SJT)

Situations
&
Choices

FIGURE 4.1: Gamified Situational Judgement Test Meta-Framework

Based on these dimensions, our proposed meta-framework for a Gamified Situa-
tional Judgement Test (GSJT) consists of four core elements designed to create

a comprehensive evaluation tool for soft skills.
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The first element is a rigorously defined list of soft skills, including cognitive
abilities, personality traits, and transversal skills such as communication and team-
work. This list serves as the foundation for assessment, ensuring that the test is

aligned with specific educational or occupational outcomes.

The second element is a well-designed scoring system aimed at quantitatively
measuring an individual’s soft skills based on their choices within various test
scenarios. This system provides a nuanced yet straightforward way to analyze a
test-taker’s skill set.

The third element combines situations and their alternative choices, key
facets of traditional Situational Judgement Tests (SJTs), into a unified component.
Each situation and corresponding choice set is carefully designed to mirror real-life

dilemmas, enhancing the ecological validity of the test.

The fourth and final element is the integration of storytelling and dialogues
to turn these situations into interactive narratives, offering a more immersive and
engaging test-taking experience with the aim of simulating contextual real scenar-

108.

In addition to these core elements, secondary but non-mandatory elements
may also be introduced to enhance the immersion of the test experience. These
could include graphic assets such as background imagery, character sprites, and au-
dio assets like background music or sound effects. While these secondary elements
are not essential for the core functionality of the GSJT, they could potentially
highly elevate the user experience and thus impact the assessment’s validity and

reliability, as mentioned earlier.

However, it is important to note that this thesis does not aim to evaluate the im-
pact of these secondary elements on the GSJT’s reliability and validity. Exploring
the implications of these secondary elements for assessment reliability and validity

could be a fruitful avenue for future research.

Given the complexity and multi-domain nature of the GSJT meta-framework, a
single-disciplinary approach is insufficient for capturing its nuanced requirements.
Each dimension necessitates specialised expertise from psychology to game design
and data analytics. Therefore, a multi-disciplinary team comprising Psy-

chologists, Human Resource Professionals, Assessment Experts, Data



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 83

Analysts, Psychometricians, Game Designers, and Software Develop-
ers, among others, is essential for the effective conceptualisation, development,

and implementation of a comprehensive Gamified Situational Judgement Test.

Hence, the meta-framework highlights the importance of a comprehensive and
structured methodology that requires various actors’ involvement in different stages
of GSJT creation. The importance of a co-creative approach to GSJT develop-
ment underscores the collaboration of different actors in this different area. Our
meta-framework aims to foster this collaboration, which is crucial in gener-
ating a more comprehensive, relevant, and engaging GSJT. The findings
presented in this section are informed by an amalgamation of literature research,

field experiment insights, and analysis of practices from a video game company.

In conclusion, the proposed meta-framework offers a comprehensive approach for

generating a GSJT, intending to streamline its design and production (see Fig-
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FIGURE 4.2: Gamify situational judgement test production timeline

Nevertheless, as highlighted by Bronwsword’s [215] study, creating video game de-

velopment is complex and needs a multi-disciplinary team. Furthermore, within
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the context of GSJT, the collaboration of domain experts with multi-disciplinary
video game team development is essential. The expertise of these domain experts
is instrumental in developing GSJT applications that encompass elements of chal-
lenge, entertainment, and success. Effective design strategies play a pivotal role
in achieving these objectives, with the video game designer exerting a substantial
influence on the overall development process. Hence, in the following section, we
will propose our first framework based on the meta-framework to streamline the

design and production of a GSJT by a multi-disciplinary team.

4.2 Toward a first framework: Identification and
elaboration of the stages involved in the

development of a GSJT

The overall approach that we propose revolves around the creation of a GSJT
based on a branching narratives approach explained in section 3.3.3, which facil-
itates the construction of an entire GSJT through five distinct processes (see
Figure 4.3): (1) Defining the client request, (2) Generating a variety of
traditional SJT situations, (3) Screenwriting for INGs, (4) Implement-
ing the gamification based on ING, (5) Developing the final GSJT.

As detailed in this section, these stages are organised in a coherent sequence. The
difference between the meta-framework and the framework stages is relative to
a deep exploration of each process. Finally, it is essential to note that a degree
of flexibility is inherent to this approach, as it allows for iterative progress and
revisions throughout the development process. Consequently, it is possible to
navigate back and forth between phases or even to have certain phases unfold
concurrently for different aspects of the GSJT. This adaptability ensures that
our methodology can be effectively tailored to meet the unique requirements and

objectives of various GSJT contexts.
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FIGURE 4.3: Gamified Situational Judgement Test Design Process in 5 Steps

4.2.1 Stage 1: Defining the client request

The initial phase in developing a GSJT to evaluate players’ soft skills involves com-
prehensively delineating the client’s specific request. This crucial process necessi-
tates the involvement of the project manager and a thorough understanding of
the client’s objectives and goals, achievable through collaborative dia-

logue, the collection of vital information, and an attentive examination

of the client’s needs.

In this context, it is essential to consider any potential cultural, demographic, or
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industry-related factors that may impact the test design and its efficacy. By gain-
ing a lucid comprehension of the client’s expectations and requirements, this stage
lays the groundwork for the subsequent progression of the GSJT. Moreover, the
knowledge obtained empowers the design team to align the anticipated outcomes
with the test content (e.g., fantasy, realistic, or mixed setup), format (e.g., vi-
sual novels, point-and-click, interactive movie, or other), and difficulty level. This

alignment ensures that the test is aptly tailored to the specific context.

Additionally, as the primary focus of assessment, it is imperative to accurately
define the target soft skills for evaluation. Consequently, we recommend collabo-
rating with the client and psychometric professionals to identify and describe the
soft skills in succinct paragraphs. To facilitate the next phase of developing situa-
tional judgement test (SJT) scenarios for soft skills, we suggest providing concise
examples of appropriate behaviour that one should demonstrate with the identi-
fied soft skills. The upcoming definition of the soft skill Cooperation, elaborated
with a detailed protocol in section 4.3.1.1, illustrates a potential methodology for

this process.

o Soft skill Title: Cooperation

e Soft Skill Description: Enhancing interdisciplinary collaboration involves
prioritising the overall well-being and client satisfaction to boost collective
productivity. This requires moving beyond isolated strategies and promot-
ing a collaborative mindset and conduct within your team and among your

colleagues.

e Behaviour to Adopt:
- Recognise and promote actions that support interdisciplinary cooperation,
teamwork, and exchanging information and successful strategies.
- Extend beyond your team’s boundaries by empowering other teams or de-
partments to utilise each employee’s skills for diverse projects.
- Establish collective goals alongside individual targets for a well-rounded

approach.

In conclusion, each identified soft skill will be catalogued in a soft skill library with
the validation of the psychometrics experts for future project utilisation. Indeed,

some clients may need help to articulate their specific soft skills. Thus, offering
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an established soft skill dictionary can assist them in clarifying their requirements

and ultimately improve the production workflow.

By accurately outlining the client’s request, it not only establishes a streamlined
and focused development process but also guarantees that the resulting GSJT

coherently evaluates players’ soft skills in the relevant context.

4.2.2 Stage 2: Generating various traditional SJT

situations

The second stage in developing a GSJT for assessing players’ soft skills involves
the generation of various situational judgement test scenarios by the psychometrics
team, composed of HR experts, psychologists, and sociologists. Leveraging
their collective expertise and understanding of human behaviour, the team utilises
the soft skills library and the specific soft skills requirements provided by the client
to create a diverse range of realistic and engaging situations that test

the target soft skills.

During this process, the psychometrics team carefully crafts each scenario to ensure
it is relevant to the target population, industry, and cultural context. The team
considers potential biases, aiming to create fair and inclusive situations that allow
for accurate assessment of the soft skills in question. Additionally, each scenario
is designed to incorporate varying complexity and challenge to accommodate test-
takers with different proficiency levels in the assessed soft skills. For example, a

situation that assesses Cooperation soft skill may be represented as follows:
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SJT item that assesses Cooperation

You are part of a team working on a significant project that is vital to your

organisation. One team member, although competent and enthusiastic, consis-
tently ignores the established team processes and guidelines. This individual’s

actions have started to impact the progress of the project.

e A) Continue working and ignore their actions, focusing solely on your
tasks. (1)

e B) Confront the individual directly and express your dissatisfaction about

their disregard for the team’s processes and guidelines. (2)

e () Discuss the situation with the rest of the team without involving the

individual in question. (2).
e D) Inform your team lead or manager about the situation. (3)

e E) Arrange a meeting with the individual to discuss the importance of
adhering to team guidelines and explore ways to enhance their coopera-
tion with the team.(5)

Therefore, the psychometric experts have to generate a scoring grid for each
SJT item that will enable the generation of the player’s behavioural profile. The
psychometric experts may also provide more information about their scoring in the
case of the GSJT being used as a formative assessment as the following table 4.1

depicts it.

To further enhance the coherence between the SJT and the final GSJT, we sug-
gest that the psychometrics team collaborates closely with the client or the project
manager throughout the review and quality assurance process. This collaborative
approach fosters an open exchange of ideas, feedback, and insights, ensuring that
the resulting SJT scenarios are well-aligned with the client’s objectives and expec-

tations.

This phase forms the basis for a comprehensive and practical GSJT by gen-
erating diverse SJT scenarios that accurately evaluate the target soft skills
within the given context. Under the supervision of the psychometrics team, the

validated situations can be catalogued in an SJT situations library for future use.



Fucilitating the Development of GBAs:

An In-depth Exploration of BPs and SSks Recognition via GSJTs. 89
Choice | Score | Remarks

A 1 This option is the least cooperative as it disregards the
issue and can potentially harm the project.

B 2 Confrontation might not encourage cooperation and may
lead to conflict within the team.

C 2 While this choice brings the issue to attention, it might
create a negative environment and be perceived as gossip.

D 3 Involving a team lead or manager can be a feasible choice

if other resolution attempts have failed or the behaviour
seriously impacts the project.

E 5 This is the most cooperative approach, as it directly ad-
dresses the issue, underlines the importance of teamwork,
and seeks a constructive solution beneficial for the whole
team.

TABLE 4.1: Cooperation Item’s Answer Scoring Grid

This thorough and cooperative method supports the creation of a robust and sig-
nificant assessment tool for appraising players’ soft skills and streamlining the

production workflow.

4.2.3 Stage 3: Screenwriting for INGs

The third stage in developing a GSJT for evaluating players’ soft skills focuses
on scriptwriting and screenwriting for an interactive narrative game.
This stage engages a writing team of game designers, level designers, and
screenwriters with expertise in crafting immersive and engaging game experi-
ences. Drawing from the SJT library of situations created in the previous stage,
the storytelling component presents scenarios that challenge players to apply their

soft skills in-game situations.

Initially, the writing team produces a script’s first draft, which features characters’
dialogues and allows players to assume their roles in the game. This script is
designed within the framework of the setup defined by the client during Stage 1.
Subsequently, the team creates a storyboard that visually represents the narrative

flow and provides a valuable reference for the upcoming stages of development.

As the script and storyboard are developed, the writing team pays close attention
to the narrative structure and pacing, ensuring the game experience remains en-

gaging and immersive. Moreover, the team considers various player choices and
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potential branching narratives, creating a dynamic environment that adapts to

players’ decisions and provides a more accurate assessment of their soft skills.

Finally, the psychometric team will validate the various scripts and screenplays to
collect them into an interactive narrative script and screenplay library for reuse

purposes.

In summary, Stage 3 combines the expertise of game designers, level designers,
and screenwriters to develop scripts and storyboards for an interactive narrative
game that effectively assesses players’ soft skills within the specified context. By
leveraging the SJT library of situations and adhering to the client’s setup, this
stage contributes to the gamification design of the SJT.

4.2.4 Stage 4: Crafting the gamification based on ING

The fourth stage in developing a GSJT for evaluating players’ soft skills in-
volves implementing game elements. A creative team consisting of game
artists, audio managers, animators, VFX artists, and other specialists
is assembled to produce various game assets and character designs based on the

script and screenplay provided in the previous stage.

The primary objective of this stage is to introduce engaging and immer-
sive aspects of an interactive narrative game within the context of soft skill
assessment. The creative team collaborates closely with the writing team to en-
sure that the game assets, character designs, and audiovisual elements align with
and enhance the narrative structure and player experience. This collaborative
approach helps create a cohesive game environment that effectively combines the

immersive aspects of interactive narrative games to assess players’ soft skills.

During this stage, the creative team crafts game assets that enrich the interactive
narrative experience. These assets may include detailed environments, props, mu-
sic and audio, and graphics that support the story and provide context for the soft
skill challenges. Additionally, they create character designs and animations that
bring the narrative to life, ensuring players can easily relate to and empathise with
the characters they encounter. Sound design and music are also carefully curated

to complement the game’s atmosphere and immerse players in the narrative.
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In section 3.3.3.2, we highlighted the importance of realistic character design and
interaction in an interactive narrative game for soft skill assessment. Since soft
skills are often transversal and interpersonal, the game should feature characters
that closely resemble real-life individuals in appearance and behaviour,
allowing players to immerse themselves and elicit accurate responses when facing
soft skill challenges. Believable characters with nuanced expressions, body lan-
guage, and dialogue help simulate real-world interactions and promote developing

and demonstrating the target’s soft skills.

Additionally, realistic character interactions enhance the credibility and reliabil-
ity of the assessment tool, as the GSJT aims to simulate realistic interpersonal
situations. Thus, realistic character design and interaction is an essential
aspect of gamification for an effective and valid soft skill assessment

tool.

In the end, the psychometric group will closely observe the various character de-
signs to confirm that the artists accurately represent the emotions conveyed by
the scriptwriters. Subsequently, the assorted game assets will be methodically col-
lected and compiled into a comprehensive game asset library, guaranteeing their

reuse in upcoming projects.

Stage 4 encompasses the expertise of a creative team to implement game ele-
ments within an interactive narrative game designed for soft skill assessment. By
developing engaging game assets, character designs, and audiovisual components
based on the script and screenplay from the previous stage, this phase contributes
to creating an immersive and captivating assessment tool with the aim

to provide an enjoyable gaming experience.

4.2.5 Stage 5: Implementing the GSJT

The primary objective of this stage is to create a seamless and engaging
gaming experience that integrates the immersive aspects of interactive

narrative games with the assessment of players’ soft skills.

Throughout this stage, the development team closely collaborates with the psy-

chometric team to ensure that the narrative situations remain consistent with the
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overall vision and objectives of the GSJT. This collaboration is essential for main-
taining the integrity of the soft skill assessment tool and ensuring that the final

product effectively evaluates players’ soft skills within the specified context.

The development team utilises the narrative script and screenplay to guide the
construction of the game environment and the implementation of the interactive
elements. They also incorporate the game assets, such as character designs, ani-
mations, and audiovisual components, to create a cohesive and visually appealing

gaming experience as depicted in the screenplay.

Finally, under the supervision of the psychometric team, this last stage is instru-
mental in building the GSJT by combining the narrative situations. This process
creates a tailored, engaging, and immersive interactive narrative game designed
for soft skill assessment. By integrating the work from previous stages, the final
product could effectively evaluate players’ soft skills while providing an

enjoyable and contextually relevant gaming experience.

4.2.6 Conclusion

In this section, we described, on the one hand, a three-step meta-framework
to create a GSJT. This meta-framework aims to guide GSJT designers in con-
ceiving their framework or GSJT. Subsequently, we proposed our framework
to generate a GSJT based on INGs. The framework emphasises collabo-
ration and teamwork while highlighting the importance of psychometrics experts
through the whole process of design and conception. In the following section, we

will experiment with our framework by implementing a GSJT.

4.3 Experimentation 1: A first GSJT

The experimentation of our framework is divided into two stages. The first stage
of the experimentation is implementing our framework into a GSJT called
Flight. The second stage aims to validate the proposed GSJT by conducting

an online experiment with a diverse group of participants who will play the GSJT.
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4.3.1 Stage 1: Experiment Objectives

The primary objective of the first stage is to provide preliminary evidence
supporting the validity of the proposed initial framework in a real-
world context by scrutinising the design of a GSJT. Consequently, an hypothesis
concerning the design of a GSJT were tackled in this stage before presenting the
resulting GSJT to the participants for phase 2. The hypothesis to be confirmed is
the following:

e Can the development and application of a meta-framework and a
framework facilitate the establishment of specialized frameworks
that provide a clear delineation of roles and responsibilities of all
parties involved in the design and production process? This ap-
proach may enhance clarity and effectiveness in the game-based

behavioural recognition process.

As explained in Chapter 3, the creation of GSJT is recent, and to our knowledge,
no framework has been developed for this specific context. Hence, this study was
essential in collecting insight into GSJT Designers’ working patterns and personal

design strategies.

4.3.1.1 Stage 1: Experimental Methodology

We created a GSJT using the proposed framework to compare the time taken
and the number of people involved in generating the GSJT. Due to the client’s
confidentiality reasons concerning the creation processes, an extensive detailed
creation process cannot be provided in this thesis. However, after conducting a
post-mortem examination of the project through several briefings with the GSJT
designers, we identified the challenges the GSJT designers encountered throughout

the development process.

4.3.1.2 Stagel: Experimental GSJT design and development

The creation and development of the experimental GSJT design involved the col-

laboration of one entity and three individuals:
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e The client - An international banking group sought a game-based assess-
ment to evaluate their managers’ leadership and management soft skills.
They also desired direct and delayed feedback integration for learning pur-

poses.

e A product owner - This individual also served as a psychometric expert

and writer during the development of the GSJT.

e A gamification expert - Responsible for tasks such as screenwriting,

sound design, graphic design, and development within the GSJT.

e A game artist - Focused primarily on generating 2D game assets, including

background and character designs for the GSJT.

The client’s goal was to develop a game with an average duration of fifteen
minutes, capable of assessing multiple soft skills, but also initiate the players to
the concepts of the soft skills. After establishing an initial framework, the client
and product owner identified nine soft skills. These sessions helped clarify the
soft skills the client wanted to assess using the game, as understood by the psy-
chometric expert. An interview with the expert revealed that they adhered
to the framework by conceptualising various scenarios with alternatives where
soft, skills could be evaluated. The expert collaborated with the clients in
workshops to ensure the scenarios and alternatives aligned with the client’s ob-
jectives. Subsequently, the client and psychometric experts assigned two
types of scoring to each item alternative. First, the client wanted to track
the player’s learning progress by employing a player score that the client
instantiated. Second, the psychometric expert evaluated each item alternative’s
soft skill. This secondary scoring system will monitor the player’s be-

havioural profile and any changes that may occur throughout the game (see
Figure 4.4).

In the second stage, the script was formatted similarly to a theater script, which
allowed the screenwriters to create a visual storyboard based on the text. This
storyboard enabled the gamification expert to develop the GSJT and communicate

with the game artist regarding the required game assets.

Ultimately, the decision tree representing the game consists of seven nar-
rative modules, each featuring three or four alternatives. Each node of

the tree represents a choice made in a situation inside the initial situational
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judgement test, and each node will fluctuate the behavioural profile using a

corresponding scoring matrix.

FIGURE 4.4: Narrative Module Internal Structure Example

In addition, to emulate real-life situations where critical decisions can have sig-
nificant consequences, the game’s fifth scenario may be the player’s final choice,
leading to the game’s conclusion if the player selects one of the incorrect alter-
natives. The following section presents an online experiment conducted with the
created GSJT, followed by a survey (see Appendix 7) that also serves as a debrief

for players.

4.3.1.3 Stage 1: Results

The creation of the GSJT took approximately two months, with one month
focused on creating the interactive and narrative situations and script and one
month on creating the production (development and game assets creation). The
client was satisfied with the first whole result and the creation (see Figure 4.5)

and proposed only some graphics and minor textual modifications.

On the other hand, we debriefed in a post-mortem interview with the GSJT de-
signers about the conception of the GSJT. Firstly, the GSJT designers and devel-

opment teams were satisfied with the framework for several reasons:

e Structured item approach: The framework offered a well-defined and
coherent structure for the entire design and development process. This or-
ganisation enabled the team to plan, design, and implement the gamified

situational judgement test methodically.
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FIGURE 4.5: Screenshot of the Result GSJT

e Collaboration enhancement: Despite the lack of comparison methodol-
ogy, the GSJT designers emit that the framework facilitated better commu-
nication and collaboration among team members, including subject matter
experts, designers, and developers. It encouraged open discussions and ex-

change of ideas, potentially leading to a more effective and engaging GSJT.

e Cost efficiency: By following the structured framework, the team could
optimise the use of resources and reduce the likelihood of costly errors or

rework, making the development process efficient.

However, one aspect of the framework that proved difficult for the GSJT designers
and teams was the time-consuming nature of the research and content development
phase. Gathering information on the specific job context and developing realistic
scenarios required significant effort and collaboration with subject matter experts.
This challenge was addressed by allocating additional resources and time to this
phase with a workshop with the psychometric expert and the human resources
people of the client and by emphasising the importance of thorough research and
content development to ensure the quality of the GSJT. In addition, the psycho-
metric expert was alone to produce the scoring system and emit that the need for

external help would enhance the construct validity of the GSJT.

Overall, the satisfaction expressed by the GSJT designers and development teams
with the framework shows preliminary results in its potential for enhancing
collaboration and cost-efficiency in creating gamified situational judge-

ment tests.
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4.3.2 Stage 2: Experiment Objectives

The primary objective of the second stage is to provide priliminary evidence
from the player that such gamified situational judgement tests are co-
herent in their purposes to analyse soft skills. Consequently, several hy-
potheses concerning the coherence of the GSJT were tackled in this stage. The

hypotheses to be confirmed include the following:

e Is our game-based approach model proposal enabling the genera-
tion of an immersive serious game to recognise soft skills for re-

cruitment and selection process.

e The application of computational psychometrics may assist psy-
chometric experts in developing a relevant in-game soft skill mea-

surement system.

As explained in Chapter 1, evaluating soft skills is a complex and challenging
endeavour due to their intangible, subjective nature. Unlike hard skills, which
can be quantified through standardised tests and certifications, soft skills lack

universally accepted metrics, making their assessment more difficult [9].

Hence, this experiment stage played a vital role in collecting preliminary insight
on the coherence for the player to be evaluated on their soft skills through a GSJT.
Through analysing this data, we aim to find evidence that GSJT may be used for

soft skills assessment.

4.3.2.1 Stage 2: Participants

Among sixty-five players, forty-eight (twenty-three females, twenty-three males
and two undefined aged between 18 and 75) answered the self-assessment survey.
The majority of the participants (66%) came from professional backgrounds, with
fourteen holding managerial positions. A diverse set of eleven industries
were represented within the participant pool. Interestingly, seven of the players
identified themselves as non-gamers, providing valuable perspectives from

individuals with varying levels of gaming experience.
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4.3.2.2 Procedure

This experiment was conducted online, involving five participants who partook
in a live session with an instructor. At the same time, the remaining sixty play-
ers engaged individually with only the in-game tutorial for guidance and a self-
assessment survey for debriefing. The live session began with the instructor offer-
ing brief gameplay instructions and clarifying the game’s learning and assessment
objectives. Subsequently, a post-game debriefing was held with the group

of five.

The survey’s primary purpose was to determine whether the game was engaging
and user-friendly for the players. Additionally, the survey aimed to ascertain
if the players believed the GSJT was a suitable and coherent method for

assessing soft skills in a game-based environment.

To achieve these goals, the survey included questions about the player’s overall
experience, the ease of use and understanding of the GSJT, and their perception

of the game’s effectiveness in assessing soft skills (see Appendix 7).

4.3.2.3 Stage 2: Results and discussion

The survey results demonstrated that all participants in the experiment
found the gameplay straightforward and user-friendly, eliminating the
need for an instructor’s guidance. The GSJT received favourable feedback, with
players’ average game satisfaction score being 7.9 on a scale of one to ten.
Participants universally commended the gamification elements, including
scenarios, graphic assets, and sound design, for their immersive and
engaging nature. This immersive experience was further amplified by incor-
porating realistic situations into a fantastical setting, as reported by live session
players and 90.6% of survey respondents who had encountered similar

situations in their professional or academic lives.

Nonetheless, the user interface could use some enhancements, as the live
session revealed particular challenges encountered by players. These include re-
visiting previous scenes in the interactive narrative game or reviewing the choices
they have made throughout the game. Both the live session and survey results un-
derscored the importance of debriefing with an instructor to validate the learning
objectives of the GSJT fully.
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The survey also investigated whether the GSJT could impact players’ future
behaviours and enhance their work performance as a training tool. A positive
response was given as 71.9% of players believed in its ability to alter their
future behaviours, while 90.6% thought it could enhance their work
performance. The experiment disclosed that eight out of fifteen players who
claimed to know at least 80% of the evaluated soft skill meanings before
the game achieved the highest or a high game score. In comparison, the
remaining players obtained a medium score. However, incorporating learning and
assessment objectives within the same game could bias the results in terms of
behavioural assessment. Consequently, this research focuses on gathering prelim-
inary insights that a GSJT developed with our framework could potentially
recognise behavioural patterns and profiles rather than examining the game’s

validity and reliability in assessing soft skills.

Therefore, we perform clustering analysis with a subset of players (48) who com-
pleted the game with the maximum number of possible choices (7). We performed
a cluster analysis for each situation, allowing for the study of clustering evo-
lution throughout the game. This analysis identified three clusters and revealed
that an individual’s membership would likely stay the same after the fourth choice.
Only three of the forty-eight players (27, 32, 38 see Figure 4.6) experi-
enced a change in their cluster affiliation after the fourth situation. This finding
indicates a high predictive value from the first four-game situations, enabling a
second cluster analysis of the dataset, including players who reached a premature

end of the game (incorrect choice in the fifth situation).

The second cluster analysis (see Figure 4.7) was conducted on all players (65
players). We observed a pattern with the individuals of the cluster 1 tending to
have higher results in every soft skill, followed by the individuals of the cluster 2
and (. This pattern may be attributed to selecting several leadership soft skills

(see Figure 4.8), which are semantically related.

However, figure 4.8 unveils the existence of macro-SSKs, such as leadership and
trustworthiness, in our experiment. We define a macro-SSK as a soft skill that
encompasses or is strongly associated with other soft skills. Our scoring
model revealed that the ”Leadership Soft Skill” and the ”Trustworthiness Soft
Skill” have higher maximum scores due to their ubiquitous presence in item re-
sponses and the ratio of links between all SSks. Further studies are required to

understand the nature and impact of the connections between soft skills. The
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F1GURE 4.6: Clustering evolution of the forty-eight players

assessment objectives and the assessment model’s structure also account for the
results in figure 4.8. The assessment objectives direct the GSJT design to assess
soft skills closely related to leadership and management. This focus defines a ref-
erential behavioural profile (RBP) for stakeholders, consisting of the nine
soft skills generated through the framework. In the context of company recruit-
ment or training, this RBP will be compared to the player’s behavioural profile
generated after the game. In other words, members of cluster 1 are more likely to

align closely with or even match the RBP, as demonstrated in our experiment.
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FIGURE 4.8: Players distribution by game score and soft skills

To summarise, the GSJT was well-received by participants, who found it immersive

and engaging. While the user interface could be improved and debriefing with an

instructor is essential, the GSJT shows promise in its ability to impact players’

future behaviours and enhance their work performance.

The clustering analysis provided valuable insights into players’ behavioural pat-

terns and profiles.

By examining the data, it is evident that macro-SSKs,

such as leadership and trustworthiness, play a significant role in players’

performance. Moreover, the analysis revealed the importance of referential be-

havioural profiles in the context of company recruitment and training.
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In conclusion, this research presents preliminary results that a GSJT devel-
oped using our framework has the potential to recognise and evaluate
behavioural patterns and profiles. The framework and the experimentation
have been the subject of a peer-reviewed scientific paper [216].Yet, further stud-
ies are needed to explore the nature and impact of the relationships between soft
skills and better understand these tools’” applicability in various professional and

academic settings.
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This chapter provides insight into GSJT creation, emphasizing
the development of a Meta-Framework and a Preliminary
Framework, designed to aid GSJT designers in the entire pro-

cess. We introduced the Meta-Framework in three steps:

e Step 1: Defining the soft skills and the client needs
e Step 2: Designing the Situational Judgement Test

e Step 3: Gamifying the Situational Judgement Test

The Meta-Framework provides a high-level abstract structure for
GSJT creation. Meanwhile, the Preliminary Framework not only
details stakeholder roles in GSJT development but also provides
a more detailed exploration of the GSJT creation process in five

stages.

e Stage 1: Characterization of the client’s requirements
e Stage 2: Generation of various SJT scenarios

e Stage 3: Crafting the narratives for INGs

e Stage 4: Implementation of gamification elements

e Stage 5: Development and finalization of the GSJT

Subsequently, we navigate through two experimental phases,
each purposed with distinct objectives. The initial experiment
focuses on validating the design and development process
of the GSJT frameworks. The second implements the GSJT
with chosen participants, details procedures, analyses results,
and includes a thorough discussion about the use of such

assessment means for soft skill recognition.

This fourth chapter lays the groundwork for accomplishing our
research objectives A and B. We probe into the potential as-
sessment capabilities of the GSJT models and provide preliminary

assistance in constructing such evaluative tools.



Chapter 5

Proposing a Second Framework
based on a Modular Model,
Conjugated with a Drama

Manager

In the previous chapter, we constructed a framework facilitating the devel-
opment of GSJT, premised on a branching narrative system. This structure,
enabling the player choices to fork and weave across an intricate narrative net-
work, instigates a wealth of complexities despite its simplicity of comprehension
for GSJT designers.

The branching narrative system is laden with seven significant challenges. As the
number of narrative branches proliferates, the intricacies of supervising and
ensuring narrative coherence across each strand increase exponentially,

thereby escalating the resource demands considerably.

Secondly, fabricating a unified narrative encompassing all potential player paths
becomes complicated due to the mandate to assess each player on all the soft skills
stipulated by the clients. A case in point is the creation of a GSJT that aspires
to be fair in evaluating soft skills. It calls for a condition where every player is
exposed to an equivalent array of scenarios that test a particular soft skill.
However, within the constraints of a branching system, this endeavour might be
highly demanding as the narrative intricacies of the GSJT may need to be more

readily aligned with its evaluative intent.

104
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The third challenge lies in striking a delicate balance between player agency
and authorial control. The conjunction of a branching system and the evalua-
tive goals of a GSJT could compel designers to guide players along a predetermined
path, thereby stifling the potential of player agency within the GSJT. This could

undermine the dynamic autonomy of the player, lessening the game’s interactivity.

Fourthly, the likelihood of every player exploring all narrative branches
could be higher, resulting in a considerable proportion of underutilized con-
tent. Fifthly, maintaining consistent character development across vary-
ing paths presents a strenuous task. In sixth place, the augmented replaya-
bility the branching narrative provides carries an inherent risk of player fatigue.
The seventh and final challenge involves ensuring the absence of bugs and glitches
across every narrative pathway, necessitating complex, extensive quality assur-

ance testing.

Given the complexities and nuances of the branching narrative system, this chapter
introduces an innovative framework devised to surmount these challenges.
The aim is to heighten both the interactive gaming experience and the precision

of the soft skills assessment in GSJT.

As a response, this chapter will introduce a GSJT based on a semi-emergent
modular model. This model aims to manage branching narratives efficiently,
thus reducing the complexity of maintaining various narrative paths, enhancing
narrative coherence, and striking a judicious balance between player agency and

authorial control with the GSJT soft skill recognition objective.

Additionally, this chapter will also delve into the exploration of narrative co-
herence and the dynamic tension between player agency and authorial
control. To mitigate these challenges, we propose a contextually adapted drama
manager. This solution allows a delicate equilibrium of player agency and au-
thorial control. It ensures narrative coherence, thereby enhancing the player’s
immersive experience and satisfaction without impeding the soft skill recognition
objective of the GSJT.
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5.1 Semi-Emergent Modular Gamified Situational
Judgement Test Approach

In contrast to existing GSJT literature and our first framework, which suggests
the development of multiple branches following each player choice in order to
generate a comprehensive player storyline and profile throughout the game, our
novel approach involves dividing each SJT situation and its associated gamified
story into separate narrative modules (refer to Figure 5.1). In the subsequent
subsection, we will delve into the concept of narrative modules and provide a

detailed explanation of their significance and function.

Situation 2.1

Situation 1.1

Situation 2.2

ﬂ
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FIGURE 5.1: Traditional and Modular Gamify Situational Judgement Test
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Drawing inspiration from Cameron’s work [217], narrative modules serve as the
foundational elements that create a more comprehensive narrative framework. In
this second proposed model, these distinct, self-sufficient narrative segments
can operate independently within the larger context. This is achieved by

integrating multi-branching tree storytelling structures with a modular approach.

5.1.1 Narrative modules

We consider a narrative module as a distinct portion of the GSJT that
encapsulates a specific narrative event or sequence of events. These modules are
designed to provide players with an engaging story experience and to allow them

to influence the course of the narrative through their actions and decisions.

The narrative module is an individual building block in the larger narrative struc-
ture of the game. Each module may contain characters, settings, plot elements, and
possible outcomes. However, it is also connected to other modules in the game’s
overall narrative network through interfaces (see Subsection 5.1.2). A player’s
progression from one module to another can be influenced by various factors, such

as their in-game decisions and success in completing tasks or challenges.

In more technical terms, a narrative module in a GSJT could be a combination
of scripted events, dialogues, and environmental storytelling elements that are
organised in such a way that they can adapt and respond to the player’s actions.
This is often facilitated by underlying algorithms and game mechanics, such as
players’ inputs and choices that monitor the player’s actions and adjust the game’s

narrative accordingly.

It should be noted that the concept and implementation of narrative modules can
vary significantly depending on the specific GSJT and the creative vision of its
designers. Some GSJT might utilize a highly modular narrative structure with
many possible paths and outcomes. In contrast, others might employ a more
linear narrative with fewer branches but more depth in each module. In either
case, the goal of the narrative module is to provide a compelling and interactive
narrative experience for the player that can be replayed, as the story will differ for

each player’s session.
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5.1.2 Interfaces

Within the realm of modularity, interfaces hold significant importance in delin-
eating how modular components can be assembled to establish more expansive
systems (see Figure 5.6). In the context of our model, the GSJT designers can
merge modules using interfaces that facilitate seamless communication and con-

nection without disrupting the narrative flow.

Therefore, in a GSJT structure where the player progresses through a series of
narrative modules based on their decisions, the interfaces between modules would
determine how player choices affect the transition from one narrative module to

another.

The interfaces between these narrative modules might be defined as follows:

e Module Transition Interface: This would define how the game tran-
sitions from one narrative module to another. This interface could include
methods for determining which module to transition to based on the player’s
decision history and soft skills assessment history, as well as methods for ini-
tializing the new module and terminating the old one, such as predetermining
dialogues or cut-scenes. For instance, if a player completes a narrative mod-
ule set within a forest, the subsequent module should also commence within

a forest to maintain narrative coherence (see Figure 5.2).

e Decision Impact Interface: This would define how a player’s decisions
within a module impact future modules. This could include methods for
tracking the effects of decisions and making this data available to future
modules. For instance, if a player decides to fire a member, whom we will
name 'Thrall’, of his team or party, the next module will consider this state
and remove the path in the following module where "Thrall’ may still be
in the party. Future dialogues in the following modules may also reflect the
previous decision to make the player feel that their decisions have meaningful

impacts on the unfolding narrative.

Then, our model proposes using predetermined modules where the story is created
through the game without a predetermined story or narratives. The choice of the
following narrative modules is emergent, hence proposing a unique story for the

player.
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FIGURE 5.2: Narrative Modular combination

In summary, interfaces define the expected interactions between different modules
in the context of modularity. They allow the modules to operate independently
while enabling necessary communication between them. The design of these inter-
faces would depend on the specifics of the game’s narrative structure and the level
of complexity in the player’s decision-making process. However, our goal would
be to create a seamless, engaging experience where the player feels their decisions

have meaningful impacts on the unfolding narrative.

5.2 Global Semi-Emergent Modular GSJT
Design Approach

5.2.1 GSJT stakeholders’ and Roles Identification

Expanding on our initial framework (see section 4), this novel framework is focused
on the iterative generation of several narrative modules. Therefore, this
second framework is focused on creating each narrative module by following the

same steps of the preliminary framework (see Figure 5.3).
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We remember that the first phase involves the client (sponsor), with the aid

of the Project Manager, outlining their needs and constraints. Collaborating

with the psychometric experts, they develop a comprehensive dictionary of

soft skills to be assessed through the game. Afterwards, psychometric experts

draw from this dictionary to identify essential soft skill aspects and define sit-

uations and alternatives to create a traditional situational judgement

test. Game designers, including writers and scenarists, collaborate with

psychometric experts to structure various narrative modules based on the

SJT situations.

This vital step involves determining which game-related sce-

narios align with the job-related scenarios from the SJT and facilitating player

assessment. During this phase, psychometric experts must ensure the SJT main-

tains strong assessment potential while game designers concentrate on providing

an engaging and immersive storytelling experience.
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In the next phase, the writing team crafts the situation for every narrative
module, detailing all visual, auditory, and interactive aspects. These specifications
must be highly accurate to ensure understanding with the creative team involved
in resource development and production, such as graphic designers, artists or sound

designers.

Developers then use mockups and previously specified documents to create each
narrative module. These prototypes undergo testing and validation by either a
sample of testers or, in resource-limited companies, psychometric experts. If the
test proves unsuccessful, stakeholders revisit the prior step, identify the cause,
and address the issues iteratively. This process leads to an asynchronous and
reliable approach to finalizing and validating each narrative module, which will be

incorporated into a validated narrative module library:.

Depending on the team’s configuration and financial resources, individuals may
assume multiple roles. In Origamix’s context, for instance, a psychometric expert
may also take on the writer role. Similarly, a person with video game skills might
assume both a game designer and level designer roles or psychometric expert and

game designer roles.

When the psychometric expert determines enough validated modules to create the
entire game-based assessment, the GSJT builders assemble the complete GSJT

like a puzzle.

The efficacy of our design methodology stems from the precise delineation
of the diverse stakeholder roles involved in GSJT creation, as promoted by
Marfisi-Schottman [45], and the adoption of a modularity approach. This lat-
ter strategy enables individuals to construct their own GSJT using the validated

narrative modules library.

This second framework differs from the first one, mainly by the introduction of
a final sixth stage called Building Stage that now may be proposed by the
GSJT builder, who can be whoever involve in the game creation (see Figure 5.3).
This GSJT builder may modulate the GSJT as he/she pleases based on

his needs and objectives.

In addition, this novel framework transforms the production workflow revealed in
Figure 4.2 and the bounds that linked the various GSJT designers’ teams. Indeed,

the modular approach proposed by the framework reverses the production
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timeline as depicted in Fig. 5.4. This enables the GSJT core experts, including
HR experts and writers, to create various module combinations for generating the
GSJT. Indeed, these two teams must be able to fully understand each other work
to keep reliability and validity in the assessment tool. In addition, the creatives
and developers teams may dissociate from the GSJT core experts in the production

workflow.

5.2.2 Modular Production Workflow

While the creative team will create an extensive library of creative assets required
in an ING, such as soundtracks, character sprites, background, Ul graphics, or
videos, the development team will create an extensive library of action scripts to
handle the creative assets in-game. Thus, the GSJT core experts can build in
collaboration and module by module a working, valid, and reliable GSJT using a

visual novel game genre.

Within the context of this novel framework, GSJT designers have the potential to
generate a multitude of GSJTs through the amalgamation of distinct
narrative modules. However, these designers must maintain an acute conscious-
ness of the inherent narrativity of these modules to ensure the presentation of a

coherent narrative.

Consequently, the next section will engage in an in-depth exploration of the propo-
sition of a drama manager, whose purpose is to generate GSJTs dynamically
based on the narrative modules, as mentioned earlier. This would assist
GSJT designers in developing coherent interactive narrative serious games based

on a semi-emergent module narrative system.
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5.3 A Drama Manager to Dynamically Generate
a GSJT

The implementation and use of our methodology have led us to focus on dynam-
ically generating gamified situational judgement tests (GSJT) based on
player choices within the game. Our primary goal is to facilitate the efficient
creation of semi-emergent modular GSJTs. We propose that developing a
drama manager that automatically selects a module after a player completes one
would not only allow GSJT designers to avoid concentrating on the overall design
of a GSJT, which can still be time-consuming and tedious due to the need for
maintaining a coherent narrative thread with the modules but also significantly

enhance player engagement.

In section 3.3.3.1, we highlighted that a drama manager is a system often used
in interactive storytelling and gaming to oversee the unfolding narrative and the
player’s interaction. Its role is to monitor the player’s actions and decisions and,
based on these, dynamically adjust the game’s narrative to create a satisfying and

coherent story experience.

For several reasons, creating a drama manager is essential for player engagement.
First, it ensures that each gameplay experience is tailored to the individual
player, considering their choices and preferences. This personalisation fosters a
sense of ownership and investment in the game, increasing the likelihood that

players will remain engaged throughout the GSJT.

Moreover, the dynamic nature of the model promotes replayability, as players
can explore different paths and outcomes with each playthrough. This variety
contributes to a richer and more immersive experience, as players can discover
new elements and aspects of the game that they might have missed in previous

sessions.

In recruitment and selection contexts, the importance of a drama manager be-
comes even more critical. Providing a unique and engaging experience each time a
candidate plays the GSJT may help to prevent cheating associated with repet-
itive game sessions carried out by potentially dishonest players. Candidates are
less likely to share answers or strategies, as the drama manager ensures that each

player’s experience is unique. This ultimately may lead to a more accurate and
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fair assessment of the candidate’s abilities, ensuring that the recruitment

process remains coherent with the recruitment and selection objectives.

Therefore, we present a novel drama manager, inspired by the ”salience-based
narrative” approach employed in dialogue generation for games like ”Left4 Dead”
and "Firewatch”, as discussed by Short [218]. Our model expands upon Short’s
concept, aiming to select a narrative module from an array of options created by
GSJT designers that best fits the current game state based on the player’s choices.
This method remains agnostic regarding the type of information considered rel-
evant. In our case, it may take into account in-game narrativity events, player
location, or even the player’s proficiency in soft skills to suggest suitable narrative
modules for evaluating players’ soft skills in line with computer adaptive testing

approaches [219].

However, in this thesis, our research emphasizes narrativity due to the resource-
intensive and time-consuming nature of designing and developing replayable GSJT's,
which necessitates intricate scenarios, multiple storylines, and diverse challenges

to maintain player interest and engagement.

Our drama manager comprises five core components: the global game state, the
narrative module selector, the narrative module library, the narrative
module adaptation mechanism, and the narrative feedback system (refer
to Fig. 5.5 for details).

Global
Game i . ) Selected Adapted
State Narrative Selected N“:rr:tll\le Narrative Narrative Module
Module | arrative=pe| ocdute Feedback

P Selector | module Adaptation | gyctem
- Mechanism
Narrative —
Module

Library

FIGURE 5.5: Dynamic Narrative Modular System

5.3.1 Global Game State

The global game state (GGS) comprehensively represents the environment es-
sential for effective narrative module selection, adaptation, and player engagement.
This state continually updates throughout the game after each player’s choice, re-

flecting the player’s progress and the evolving narrative context. For instance, if a
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player consistently encounters communication skills narrative modules, the GGS
will store this part of the information and adjust the player profile accordingly to
get another narrative module that evaluates another soft skill. It also monitors the
game’s narrativity, such as developing a subplot or the impacts of the players on
the game world. Incorporating the player’s assessment profile and the narrativity
inside the GGS later ensures that the model can make informed decisions and

effectively respond to the dynamic nature of interactive narrative learning games.

5.3.2 Narrative Module Library

The proposed narrative module library is the pool of pre-defined narrative
modules tailored to the client’s requirements. Each module in this library is accom-
panied by associated conditions and objectives, which dictate its effectiveness
and the soft skill development goals it aims to achieve. For instance, one module
may concentrate on teamwork, necessitating players to collaborate with virtual
characters to accomplish a task. In contrast, another module might emphasize
empathy, where players must navigate a scenario involving the understanding and
support of a virtual character’s emotional state. In addition, each module may
have several interfaces based on the soft skill to train in the module or based on

the module narrativity context.

By integrating a modular design with associated conditions, objectives, and inter-
faces, the narrative module library enables multiple narrative pathways and the
incorporation of diverse soft skill assessment scenarios. This approach promotes

replayability and sustains player engagement and motivation.

5.3.3 Narrative Module Selector

The narrative module selector is crucial in identifying the most suitable nar-
rative module from the library, considering the current GGS, the learner’s skill
development needs, and the narrative context. To achieve this, the module se-
lector uses a heuristics approach such as trial and error (see Fig. 5.6). These
heuristics enable the module selector to address the player’s skill assessment needs
while contributing to an engaging and motivating game experience and main-
taining narrative cohesion. Based on the GGS, the narrative module selector is a

dynamic interface that selects and connects modules based on tags. Guided by the
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GGS, the narrative module selector functions as a dynamic interface that chooses
and links modules based on tags. Each narrative module could exhibit one or
multiple tags that characterize the module’s modalities. For instance, a tag may
represent the location of the module, the characters’ presence within the module

or conditions required based on in-game events.

|«-Narrative Module Librarys Narrative Module Library-}
ule Narrative Moduls
lect — Selector*
urrent modu E

Potential Next Module

«Narrative Module Library »|

: Interface based on the module narrativity context - : Interface based on the soft skill to train in the module

FIGURE 5.6: Four Examples of the Narrative Module Selection

For instance, consider a GSJT that evaluates leadership skills in a corporate set-
ting within a multinational firm’s fast-paced environment. In this scenario, the
narrative module selector might pinpoint a module focused on decision-making
and delegation. The chosen module could integrate a situation where the player’s
virtual team consists of diverse professionals with unique abilities and traits to
maintain narrative consistency and merge skill development with the storyline.
When faced with a tight deadline, the team requires swift resource allocation and
task delegation decisions. This module challenges the learner, enabling the as-
sessment of their leadership skills and aligning with the overarching narrative of
managing a diverse team in a corporate setting. Moreover, the narrative module
selector should also consider the narrative state of the world game in the narrative
module selection. For example, suppose a player completes a narrative module in a
certain city’s branch office. In that case, the next module should start within a re-
gional headquarters or a different branch office in another city, ensuring everything

remains cohesive in storytelling.

The narrative module selector combines the soft skill to assess with the narrative

context to ensure that the selected modules are relevant, engaging, and supportive
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of the assessment objectives. Considering the player’s progress and the ongoing
narrative, the module selector contributes a dynamic interface to a seamless and
immersive experience in which skill assessment, storytelling, and imaginative set-
tings are intricately connected. While the narrative module selector effectively
identifies and presents relevant modules for the player, the narrative module adap-
tation mechanism and the narrative feedback system ensure these modules remain

challenging, personalized, and meaningful to the player’s experience.
The algorithm 1 describes how the module selector picks modules.

The algorithm we have proposed for this task organises modules into separate
pools based on their start location, allowing for faster access and filtering. When
the player’s location changes, the algorithm retrieves the corresponding pool of
modules and iterates only through that pool. It then checks if all prerequisites
and conditions for each module are satisfied and whether the player has completed
the required number of modules for the associated soft skill. If these criteria are
met, the module is added to the list of accessible modules. By considering the
player’s location and the number of completed modules for each soft skill as part
of the world state, the proposed algorithm identifies modules the player can access

at any given time, taking advantage of the benefits of a rule-based system.

The rule-based system offers numerous advantages for selecting narrative modules
based on player location, module prerequisites, and module-specific conditions.

Some of the key benefits of this approach include:

e Simplicity: Rule-based systems are straightforward to implement and un-
derstand due to their reliance on simple if-then statements. This simplicity
is beneficial when working with problems like module selection involving

relatively simple variables and conditions.

e Maintainability: Rule-based systems are easier to maintain and modify
than more complex algorithms. As game requirements change, developers
can update the rules without restructuring the entire algorithm. This flexi-
bility is crucial for game development, where frequent updates and modifi-

cations are often necessary.

e Flexibility: Rule-based systems allow for the easy addition or removal of

rules as needed. This adaptability is particularly useful in game development,
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Algorithm 1 Rule-Based Module Selection with Soft Skill Combination Pools

1:
2
3
4
5:
6
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:

34:
35:
36:
37:
38:
39:
40:
41:

42:
43:
44:
45:
46:
47:
48:

procedure SELECTMODULES(modules, worldState)
softSkill Pools < ORGANIZEMODULESBYSOFTSKILLCOMBINATION(modules)
accessible Modules <— empty list
for each softSkillPool in softSkillPools do
if not ALLSKILLSBELOWN (softSkill Pool, worldState, N) then
continue
end if
for each module in softSkillPool do
if not LOCATIONMATCHES(module, worldState) then
continue
end if
if not PREREQUISITESSATISFIED(module, worldState) then
continue
end if
if not CONDITIONSMET(module, worldState) then
continue
end if
accessibleModules.append (module)
end for
end for
return accessibleModules
end procedure

function ORGANIZEMODULESBYSOFTSKILLCOMBINATION (modules)
softSkillPools <— empty dictionary
for each module in modules do
softSkillKey < SORTANDHASH(module.softSkills)
if softSkillKey not in softSkillPools then
softSkillPools[softSkill Key| < empty list
end if
softSkill Pools[softSkill Key|.append(module)
end for
return softSkill Pools
end function

function ALLSKILLSBELOWN (softSkill Pool, worldState, N)
for each softSkill in softSkill Pool do
if worldState.completedM odules BySkill[softSkill] > N then
return false
end if
end for
return true
end function

function LOCATIONMATCHES(module, worldState)
if module.start Location = worldState.player Location then
return true
else
return false
end if
end function
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where module selection logic may need to be modified based on user feedback

or design changes.

e Performance: Given the simplicity of the module selection problem, a
rule-based system is likely to provide adequate performance without the
need for more complex algorithms. By efficiently evaluating conditions and
prerequisites, rule-based systems can quickly determine which modules the

player can access at any given time.

5.3.4 Narrative Module Adaptation Mechanism and
Narrative Feedback System

The narrative module adaptation mechanism also uses the GGS to contin-
uously adapt and improve the adequacy of narrative modules, including the di-
alogues and narrativity within each module. For example, suppose a player has
shown a strong understanding of negotiation techniques. In that case, the adap-
tation mechanism might modify the dialogues and narrative elements within a
negotiation-focused module to present more challenging situations, pushing the
assessed candidate to deploy and show their skills further. Similarly, if a choice
in the player’s path impacts a character’s psychological state, it will adjust the
virtual character’s dialogue accordingly. Adjusting the dialogues and narrativity
within each module based on the GGS ensures that the narrative content remains

contextually relevant, engaging, and motivating for the player.

On the other hand, the Narrative Feedback System (NFS) provides direct
and delayed narrative feedback to players through dialogues and scenarios based
on the GGS. For example, after a player successfully resolves a conflict, they might
receive immediate feedback through dialogue with a virtual character who thanks
them for their help. In a later scenario, the player may encounter a situation
that references the previously resolved conflict, providing delayed feedback that
reinforces the immersive experience. By integrating dynamic feedback and make-
believe elements, the NFS contributes to the overall effectiveness of the extended

method, ensuring that players remain engaged, motivated, and immersed.
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5.3.5 Conclusion

In conclusion, our modular drama manager for interactive narrative learning games
comprises five main components: the global game state, the narrative mod-
ule selector, the narrative module library, the narrative module adap-
tation mechanism, and the narrative feedback system. By incorporating
these elements and continuously updating the GGS, our model ensures that play-
ers remain engaged, motivated, and immersed, ultimately leading to more effective
soft skill evaluation and behavioural skill recognition. Likewise, such drama man-
agers enable the creation of a unique experience for the game sessions and may
help the GSJT designer create an ING for soft skills recognition. Therefore, the
following section will explore using the framework and the manager to generate a
novel GSJT called Shogureign.

5.4 Experiment 2: A second GSJT,

Experimental Design and Objectives

This section will present an experimental study to investigate the effectiveness
of the dynamic narrative modular model presented in Chapter 5.3. The
objectives are to explore the influence of a dynamic modular design for GSJT,
enabling the automatic generation of contextually relevant scenarios for a player,
thereby facilitating the development of GSJT and enhancing the potential of re-

playability for recruitment and selection purposes.

To achieve these goals, the study will be designed to address the following research

question:

e A dynamic GSJT generation approach may also propose an

efficient way to enable the replayability of GSJT.

In order to address this hypothesis, the experimental study will involve a compari-
son between a GSJT utilizing the dynamic approach for combining narrative mod-
ules, which were created using the six-step methodology, and its corresponding
traditional survey. Participants will engage in both assessment methods, complet-

ing a series of scenarios designed to evaluate six specific soft skills based on the
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HEXACO model [220]. Data concerning player engagement, immersion, and

assessment outcomes will be gathered and analyzed throughout the experiment.

By scrutinizing these factors, the goal is to obtain a more comprehensive under-
standing of the advantages and potential limitations of employing the dynamic
narrative modular approach in creating GSJTs. This insight can then be har-
nessed to fine-tune and optimise the model, ultimately aiding in developing more
efficient, captivating, and personalised gamified situational judgement tests. Ad-
ditionally, this study provides preliminary evidence regarding the potential for

replayability in such gamified assessment methods.

5.4.1 The Experimental Gamified Situational Judgement
Test and SJT

The original design of the experimental GSJT aimed to evaluate all twenty-four
HEXACO soft skills, also referred to as HEXACO sub-facets. This was ac-
complished by designing 87 narrative modules, enabling the creation of diverse
GSJT combinations. However, several assessment modules created needed to be
validated by the stakeholders and subject matter experts. Therefore the validated
experimental GSJT can assess six soft skills based on HEXACO through 42
narrative modules: (1) Aesthetic Appreciation, (2) Innovation, (3) Inquisitive-
ness, (4) Prudence, (5) Liveliness, and (6) Anziety control. The GSJT designers
team comprised three writers, one graphical designer and one developer.
The GSJT designers based the gamified situations and choices on an existing sit-
uational judgement test that evaluates a sole, soft skill per situation following
the HEXACO model [185]. 26 of the 42 narrative modules are assessment
modules (see Figure 5.7). The other modules are used in the GSJT for stealth
assessment and entertainment purposes. The length of each module may

vary depending on the narrative and interactive content.

In the experimental GSJT, the player assumes the role of a Sino-Japanese monarch
and is tasked with ensuring the prosperity of his/her kingdom through effective

management.
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Imperial Palace

Meeting Room

Assessment
Module i

for
Inquisitiveness

F1GURE 5.7: Example of an Assessment Module which assess ” Inquisitiveness”
soft skill in the Experimental GSJT
Note: Character sprite and background are not from the actual game and are adapted
from free-to-use assets available on Freepik and created by 'upklyak’ sur Freepik for
illustration purposes.

5.4.2 Sample and Procedures

Test-takers/players were invited online to complete the traditional 60-item
HEXACO survey [220]. Participants were from five countries, Mali, Niger,
France, Belgium, and Tunisia and represented 12 different socio-professional
categories and 21 distinct industry sectors. Eighty-five test-takers com-
pleted the survey, while 44 played the GSJT with a one-week gap between

the tests to minimize potential biases.
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The average time to complete the survey was approximately 14 minutes, while the
GSJT took about 25 minutes. Notably, each player experienced a unique path
within the GSJT. After the game, 13 players were interviewed for qualitative

feedback on their experiences.

Ultimately, two types of behavioural profiles were generated for each player,
representing the combination of the six assessed soft skills: (1) The HEXACO
survey behavioural profile, which used 2 or 3 items to evaluate each soft skill,
and (2) The GSJT behavioural profile, which assessed each soft skill using

four items/situations (modules).

This diverse and international participant pool provided valuable insights into
the effectiveness and adaptability of the GSJT across various backgrounds and
industries. The study also offered an opportunity to compare the assessment
results from the traditional HEXACO survey and the GSJT, shedding light on the
potential benefits and challenges of implementing a gamified approach to soft skill

evaluation.

Finally, seven players were interviewed to collect insight into their gamified

assessment experience.

5.4.3 Results and Discussion

The hypothesis predicts that a dynamic GSJT generation approach may also pro-
pose an efficient way to enable the replayability of GSJT for recruitment
and selection purposes. The hypothesis suggests that we keep coherence in
the assessment objectives of the serious game. Thus, we first perform a crite-
rion validity analysis for the GSJT using the Pearson correlation. We
calculate the correlation between the GSJT results and the results of the
HEXACO 60-items as the criterion measurement. Conversely, we perform
an internal consistency using Cronbach’s alpha for both measurement tests,
the HEXACO 60-items and the GSJT.
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TABLE 5.1: Intercorrelations for all variables

Assessment GSJT HEXACO Survey
Method
Soft Skill | 1 2 3 4 5 6 1 2 3 4 5 6
1 1
2 0.28 1
GSJT 3 0.34 0.01 1
4 029 01 -0.01 1
5 048 -0.04 -0.01 0.34 1
6 047 0.3 0.3 0.2 0.06 1
1 0.48 043 0.08 04 0.08 0.26 1
2 04 0.29 045 0 -0.19 0.19 | 0.44 1
HEXACO 3 0.13 036 0.11 -0.08 -0.25 0.05 | 0.59 0.7 1
Survey 4 023 007 011 0.2 013 0.07 |-0.09 0.05 -0.01 1
5 0.35 -0.06 0.08 0.07 0.2 -0.11]-0.04 0.07 -0.21 0.27 1
6 0.06 -0.07 o011 026 -02 0.12 028 0.05 0.12 -0.1 -0.13 1
Note. N = 44.

The boldface indicates the Pearson correlation measures between the corresponding soft skills of the two
assessment methods.

5.4.4 Tests of the hypothesis

In Table 5.1, we observed a positive correlation coefficient between the two
assessment methods for each corresponding soft skill, indicating a positive rela-
tionship and supporting our hypothesis that our semi-emergent modular GSJT
approach may generate various coherent GSJT with the objectives of assessment
of soft skills. However, the correlation coefficient ranges from 0.11 to 0.48, sug-
gesting a weak to moderate relationship between the two assessment methods
(GSJT and SJT). However, the internal consistency analysis may explain such

moderate results.

According to academic literature, a value of 0.7 or higher is considered acceptable
to indicate items’ internal consistency in measuring the same underlying construct
of soft skills. While poor internal consistency for five of the six assessed soft skills
may suggest that the HEXACO 60-item survey is not valid in our experimental
context (see Table 5.2), it is crucial to consider potential sources of bias and the

need for further replication studies with extensive samples.

Conversely, we observed high internal consistency between the items assessing
the same soft skills in the modular GSJT. Cronbach’s alpha values ranged from
0.65 to 0.87 for the six assessed soft skills. Our study’s results support that
implementing a semi-emergent modular GSJT structure can effectively enhance
reuse potential across various scenarios while maintaining a balance between en-

gagement and the assessment purpose of GSJT.
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TABLE 5.2: Means, standard deviations, and internal consistency reliability

Assessment Method Soft skill M SD Cronbach’s «

GSJT 1 3,2 0,37 0,65
GSJT 2 3,47 05 0,75
GSJT 3 2,9 0,71 0,81
GSJT 4 2,95 0,86 0,87
GSJT 5 3,11 0,6 0,76
GSJT 6 2,33 0,81 0,81
HEXACO 1 3,92 1,08 0,45
HEXACO 2 3,79 0,77 0,46
HEXACO 3 3,64 1,12 0,65
HEXACO 4 3,63 1,48 0,47
HEXACO 5 383 1 0,8
HEXACO 6 352 1,44 0,81
Note. N = 44

The boldface indicates significant internal consistency reliability.
The GSJT soft skills were measured on a scale from 1 to 4.
The HEXACO survey soft skills were measured on a scale from 1 to 5.

Consequently, these results indicate that the semi-emergent narrative modular
model can create various GSJTs while maintaining coherence between assessment
objectives and in-game narrativity, providing preliminary results for a replaya-
bility potential using narrative modules for soft skill recognition. Addi-
tionally, GSJT designers can use fewer items per soft skill in the GSJT and replace
the others with entertaining situations to enhance engagement and motivation in-
game. Indeed, players’ interviews revealed that they enjoyed playing the game
and were more willing to participate in such assessments than traditional ones.
However, they could sometimes sense they were being assessed in specific situ-
ations. Following the internal consistency, proposing fewer assessment modules
that assess the same construct enables more entertainment modules, enhancing

validity through stealth assessment and reducing stress anxiety.

Furthermore, interviews revealed that players enjoyed the narrativity without
noticing weak connections between situations. This outcome indicates that
despite having three different writers produce narrative modules, a mod-
ular approach enhances productivity while maintaining overall storytelling and

narrativity.

These results suggest that a modular design may improve the GSJT production
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workflow. Although no HR experts were involved in the GSJT production, a high-
reliability value implies that even non-experts can create a GSJT easily if
they have a traditional SJT created and initialized by a psychometric expert to

convert.

In summary, these findings provide evidence that companies with limited resources
and subject matter expertise may create engaging recruitment and selection tools

using a modular GSJT design.

5.4.5 Conclusion

Our analysis shows that the behavioural assessment conducted through the gen-
erated modular GSJT is coherent with the traditional HEXACO 60-item survey
[220]. Furthermore, our experimental results demonstrate that the modular ap-
proach streamlines the production workflow, efficiently facilitating the creation
of diverse and unique GSJTs. This experimentation and this chapter’s proposals

have been the subject of a peer-reviewed scientific paper [221].

Nonetheless, several limitations must be acknowledged in this study:

e The results need validation using a more extensive and diverse

dataset to strengthen the validity and reliability of our findings.

e While the behavioural assessment demonstrates positive criterion
validity, additional research is required to determine predictive
validity and ensure the complete effectiveness of this approach for

selection and recruitment applications.

e The study reveals that although players enjoyed the game, they
could sense assessment in certain situations, which may introduce

bias into the behavioural assessment outcomes.

In future research, addressing these limitations and exploring additional factors
that can further enhance the modular GSJT design will be essential. For example,
investigating the impact of stealth assessment techniques or incorporat-
ing adaptive difficulty levels could improve player engagement while reducing
the perception of being assessed. Moreover, examining the effectiveness of this

approach across various industries and job roles will provide valuable insights
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into its generalisability and practical applicability. By building on the cur-
rent study’s findings, researchers can continue to refine and optimise the semi-
emergent modular GSJT generation approach, ultimately contributing to
a more engaging, valid, and reliable tool for assessing soft skills across various

contexts and user groups.
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In alignment with research objective A, which is to develop
a game-based behavioural assessment method, this chapter
proposes a Semi-Emergent Modular Gamified Situa-
tional Judgement Test using narrative modules and

interfaces.

e Narrative modules are fragments that form a cohe-

sive GSJT storyline when combined.

e Interfaces set the interaction rules between different

modules.

In the second part, we outlined a framework for a semi-
emergent modular GSJT model and a workflow for efficient
GSJT design, aiming to present preliminary results for re-
search objective B. This proposal, based on the chapter 4
framework, introduces the new GSJT Building stage and
GSJT Busilder role, facilitating the final GSJT’s creation.

In the third section, we explored a Dynamic Narrative
Modular System with five core elements, aiming for an im-

mersive, unique assessment experience.

e The global game state & the narrative module

selector.

e The narrative module library & The narrative

module adaptation mechanism.

e The narrative feedback system.

Finally, an experiment was conducted to test the second
framework described in the thesis, focusing on its design,
execution, and resulting data. We examined the experimen-
tal GSJT’s effectiveness and replayability using the pro-
posed drama manager alongside a traditional SJT and out-
lined the sample and procedures used in the experiment to

gather findings related to our research objectives.



Chapter 6

Proposing a Computational

Psychometric Scoring System to
Help GSJT’s Psychometrics

Teams

In order to further elaborate on the frameworks proposed in chapters 4 and 5,
it is essential to note the crucial role each stakeholder plays in the recruitment
and selection process. The defined roles and assigned tasks guide each stakeholder
to ensure a structured and efficient workflow. However, as highlighted in the
Introduction 1, the complexities of the recruitment and selection field may result
in some stakeholders assuming multiple roles or performing tasks outside

their domains of expertise.

These complexities must be considered to maintain the reliability and validity of
the final assessment. The stakeholders in the psychometrics and writing teams
hold a crucial responsibility in this regard, as they are responsible for ensuring
that the assessment accurately reflects the abilities and qualities of the evaluated
candidates. To support these endeavours, the proposed approach for psychomet-
rics and writing team aims to address any potential challenges and enhance their

respective processes.

Therefore, by considering the complexities of the context and providing support
for the psychometrics and writing teams, the two following chapters aim to propose

approaches to assist in the development of the GSJT.
130
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We highlighted earlier that the psychometric team plays a vital role in this pro-
cess, as they are responsible for creating and employing a scoring method that
accurately reflects the abilities and qualities of the evaluated candidates. In this
current chapter, we will develop an approach to help psychometrics experts
propose scoring matrices for the GSJT as scoring GSJT scenarios is critical in

determining the reliability of the assessment [222].

6.1 Scoring a Situational Judgment Tests

In this section, we will explore the various scoring methods of situational
judgment tests (SJT) in the context of soft skill recognition. Scoring methods
play a crucial role in accurately identifying and assessing an individual’s soft skills,
thus contributing to these tests’ overall validity and reliability. By examining dif-
ferent scoring methods, we aim to highlight their significance in the assessment
process and provide a comprehensive understanding of their strengths and weak-

nesses.

We will begin by providing an overview of the most common scoring methods used
in SJTs, such as consensus scoring, expert-based scoring, and rational
scoring, among others. We will discuss each method’s underlying principles,

applications, and potential limitations.

Following the examination of the different scoring methods, we will present a crit-
ical analysis of their strengths and weaknesses. This analysis will help us identify
key characteristics essential for accurately assessing soft skills in our context. By
understanding these characteristics, we aim to integrate them into our research
methodology, ultimately enhancing our study’s effectiveness in soft skill recogni-

tion through situational judgment tests.

The analysis of the strengths and weaknesses of these scoring methods will allow
us to identify a list of characteristics that we consider essential in the proposition

of evidence for the identified hypothesis:

e The application of computational psychometrics may assist
psychometric experts in developing a relevant in-game soft skill

measurement system.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs.

132

We will explore the following seven SJT-specific scoring methods: Consensus Scor-

ing, Expert-based Scoring, Empirical Key Scoring, Rational Key Scoring, Sub-

group Normative Scoring, Dimension-Based Scoring, and Weighted Scoring.

6.1.1 Scoring Methods: Modalities, Advantages and

Limitations

e Consensus Scoring: Consensus scoring compares the test-takers’ responses

to the most common responses given by a reference group, such as experts
or peers [223]. The underlying assumption of this method is that the major-
ity response within the reference group is the most appropriate or accurate
response to a given situation. To implement consensus scoring, researchers
first administer the SJT to a representative reference group of subject matter
experts, successful job incumbents, or a diverse sample of individuals from
the target population. The most common response for each item is identified
and designated as the "correct” or “optimal” answer. Test-takers’ scores are
then calculated by comparing their responses to these consensus answers,
with higher scores indicating greater alignment with the majority opinion of
the reference group. One of the main advantages of consensus scoring is its
relative ease of implementation, as it does not require extensive input from
experts, nor does it rely on complex statistical procedures. Additionally,
consensus scoring can be instrumental in situations where there is no clear-
cut correct answer, as it reflects the collective wisdom of the reference group.
This method can also effectively reduce the impact of individual biases, as

it aggregates the opinions of multiple individuals.

Expert-Based Scoring: Expert-based scoring needs subject matter ex-
perts (SMEs) to rate the effectiveness of each possible response option [184,
224]. Experts in this approach are typically chosen based on their extensive
knowledge and experience in the assessed domain. The experts review each
SJT item and evaluate the appropriateness of each response option, often
assigning a numerical rating to indicate the effectiveness of the response in
addressing the specific situation. The average of the expert ratings for each
response option is then used as a benchmark to score the test-takers re-
sponses. One of the primary advantages of expert-based scoring is its poten-

tial for high content validity, as it incorporates the knowledge and experience
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of professionals well-versed in the domain being assessed [225]. This method
can provide an accurate and reliable assessment of test-takers’ abilities by
reflecting the judgments of those who have a deep understanding of the com-
petencies required for success in the target job or role. However, there are
several potential drawbacks to expert-based scoring. First, the process can
be time-consuming and resource-intensive, as it requires the involvement of
multiple experts, whose time may be limited and costly. Additionally, the
process may be susceptible to subjectivity and bias, as experts might have
differing opinions on the best response or be influenced by personal beliefs

and experiences.

e Empirical Key Scoring: Empirical key scoring derives the correct answer
for each test item based on the responses of a large sample of individuals who
are successful in the target job or role [225]. This approach assumes that
individuals who demonstrate success in the assessed domain most frequently
choose the most effective response. Researchers first administer the SJT
to a representative sample of successful job incumbents or high-performing
individuals within the target population to implement empirical key scoring.
The most common response for each item is identified and designated as
the correct or optimal answer. One of the primary advantages of empirical
key scoring is that it is grounded in the actual performance and choices of
successful individuals, which can enhance the criterion-related validity of the
SJT scores [194]. This method can also be relatively easy to implement, as
it does not require extensive input from subject matter experts or rely on

complex statistical procedures.

e Rational key scoring: In rational key scoring, the correct answer for each
test item is determined through a logical, deductive process, such as expert
consensus or a priori reasoning [223, 225]. This method is based on the
premise that a theoretically sound and coherent set of response options can
be derived from the principles and theories underlying the construct being
assessed. For example, if an SJT measures ethical decision-making, the cor-
rect answers may be determined by referring to established ethical principles
and guidelines. Rational key scoring can be advantageous when empirical
data is limited or difficult to obtain, as it relies on the logical coherence of
the response options rather than empirical evidence. This method is advan-

tageous when the assessment measures abstract constructs, such as moral
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reasoning or ethical decision-making, where obtaining empirical data can be

challenging [31].

e Subgroup Normative Scoring: Subgroup normative scoring involves com-
paring test-takers scores to the average scores of different subgroups based on
age, gender, ethnicity, or educational background [226]. This method allows
for more tailored and fair comparisons by accounting for potential differ-
ences in test performance that these factors may influence. By comparing
test-takers’ scores within their respective subgroups, this scoring method
can help mitigate the effects of potential biases and enhance the fairness
of the assessment. One of the primary advantages of subgroup normative
scoring is that it promotes greater equity and fairness in the assessment
process, mainly when dealing with diverse populations. This method can
help identify and control for potential sources of bias in the test content or
administration, ensuring that the scores accurately reflect the abilities and
skills of the test-takers.

e Dimension-based scoring: Dimension-based scoring involves scoring test
items based on the specific dimensions of the construct being assessed, such
as communication skills, decision-making, or leadership abilities [225]. This
method allows for a more detailed evaluation of test-takers’ skills and com-
petencies by examining their performance on each dimension separately.
By providing insights into the strengths and weaknesses of the test-takers
across different dimensions, this method can facilitate targeted feedback
and tailored interventions for improvement. One of the main advantages
of dimension-based scoring is its ability to provide a granular assessment of
test-takers abilities across multiple dimensions of the measured construct.
This can be particularly useful in situations where it is essential to identify
specific areas of strength or weakness, such as in employee selection and

recruitment processes.

e Weighted scoring: In weighted scoring, different response options are as-
signed different weights based on their relevance or importance to the con-
struct being assessed [225]. This method allows for a more nuanced eval-
uation of test-takers performance by considering the relative importance of
each response option within a given test item. Weighted scoring can be in-
strumental in situations where some response options may be more desirable

or practical than others, but all options are strictly correct and appropriate.
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Despite their advantages, these scoring techniques possess inherent limitations,
posing challenges in test validity, reliability, and generalizability. One such lim-
itation is the assumption that the majority response is always the best or most
appropriate, which is inherent to consensus scoring, empirical key scoring, and
dimension-based scoring methods [227]. In these methods, the majority response
of a reference group, successful individuals, or dimensions, respectively, are desig-
nated as the correct or optimal answer. This assumption might not always hold
true as the majority opinion could be influenced by biases, misconceptions, or
groupthink, leading to suboptimal response choices. Additionally, these methods’
effectiveness is contingent on the representativeness and quality of the
reference group or sample. If these groups or samples inadequately represent
the target population or lack the necessary knowledge and expertise, the validity

and reliability of the scores might be compromised.

Expert-based and rational key scoring methods have a common limitation regard-
ing their susceptibility to subjectivity and bias [184]. As these methods rely on
the judgments of subject matter experts or the assumptions of a specific theory,
biases and personal experiences could influence the scoring decisions. This
might lead to inconsistencies in scoring and interpretation, affecting the reliability
and fairness of these methods. This issue could be particularly pronounced in
situations where only a few SMEs are involved in the scoring process, such as in

limited-resources companies.

Subgroup normative scoring may present a unique set of limitations related to the
criteria used to define subgroups and the size and diversity of the sample [228]. If
subgroup norms are based on small or unrepresentative samples, new biases
or inaccuracies may be introduced. Additionally, establishing reliable and valid
subgroup norms can be challenging due to the need for larger and more diverse

samples.

For dimension-based scoring, a major limitation is the requirement for a clear and
well-defined conceptualisation of the dimensions of the assessed construct
[225]. Developing items that accurately measure each dimension can be challeng-
ing, and issues related to the discriminant validity of the dimensions might arise

if the items are not meticulously designed and validated.

Finally, weighted scoring has a unique challenge related to the assignment of
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weights to different response options [225]. A clear and well-justified ra-
tionale is needed for weight assignment, which might require substantial input
from subject matter experts or empirical data. This method may also introduce
greater complexity in scoring and interpretation, which could pose a concern for

test designers and administrators.

6.1.2 Conclusion

In conclusion, this section comprehensively examined various scoring methods em-
ployed in situational judgment tests (SJTs) for soft skill recognition, including con-
sensus scoring, expert-based scoring, empirical key scoring, rational key scoring,
subgroup normative scoring, dimension-based scoring, and weighted scoring. The
analysis has demonstrated that each scoring method offers unique advantages
and challenges. These methods may play a vital role in ensuring the validity and
reliability of SJTs in assessing an individual’s soft skills. By critically analysing
the strengths and weaknesses of each method, we have identified key characteris-
tics essential for the accurate assessment of soft skills in our context, which will
be integrated into our research methodology to enhance the effectiveness of our

study and subsequent proposal.

6.2 A Computational Psychometric Scoring
Approach

In a GSJT, the alternatives serve as indicators that monitor the player’s
decision-making process, ultimately enabling the definition of the player’s
behavioural profile via scoring matrices upon game completion. However,
as previously noted, the various gamification processes employed in SJTs may im-
pede coherence in the scoring matrices between the SJT scoring process and the
creation of narrative modules. Furthermore, the verification process of each scor-
ing matrix during the narrative module development stage may prove laborious,
time-consuming, and economically inefficient, particularly for organisations with
limited resources or those relying on external entities for the review process. In
light of these challenges, we propose a computational psychometric scoring

approach. Based on the proportion consensus and weighted scoring methods,
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as elaborated in the previous section, the computational psychometric scoring
approach aims to assist psychometric experts in refining the scoring ma-
trices of each narrative situation during the fifth stage of our frameworks. Such
approach may streamline the review and quality assurance process compared to

the exclusive use of a human scoring approach to generate a behavioural profile.

In this section, we will first explain how a behavioural profile in a GSJT
is generated using a scoring system based on response vectors (RV)
defined by the psychometrics experts and the player path. Then, we will explain
our contribution to enhance this process through a computational psychometric

approach.

6.2.1 Scoring Matrices, Behavioural Profile and Scoring

System

Our thesis context suggests that the dynamic nature of player choices in the GSJT
offers a unique approach to evaluating player behavioural profiles, as it allows
for the continuous assessment of player choices throughout the game. As players
navigate various scenarios and make decisions, their behavioural profile fluctuates,

capturing the dynamic nature of human behaviour.

A behavioural profile can be understood as a multidimensional representa-
tion of an individual’s tendencies, habits, and preferences in different
contexts. It encompasses various aspects of human behaviour and personality
encompassed in the Introduction 1 under the terms soft skill (SSk). In the
given context, a player’s behavioural profile is precisely characterised by the final

score in each soft skill upon completing the GSJT, as illustrated in Figure 6.1.

The value of the score may be varied following a rating scale provided by the psy-

chometric team in the second phase of our previous methodology (see Table 6.1).

This same rating scale enables the psychometric team to define the scoring matrices
for each narrative module. Indeed, through the narrative modules, players are
presented with various situations that require them to make choices that directly
impact their behavioural profile and draw their respective game paths. Each
alternative and the player path within a narrative module may be represented

by a decision graph as depicted in Figure 6.2.
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FIGURE 6.1: Example of Three Behavioural Profiles

TABLE 6.1: Example of a Rating Scale

Score Description
5 Extensive experience in the soft skill area
4 Good experience in the soft skill area
3 Some experience in the soft skill area
2 Little experience in the soft skill area
1 No experience in the soft skill area

In the graph, every node symbolises a distinct alternative that the player may
potentially select within a narrative module, as depicted in Figure 6.2. These
scenario alternatives are expressed using an n-dimensional vector, referred to
as the response vector RV. The response vector’s components are represen-
tative of the significance of the SSks, which are linked to the respective scenario
alternatives being considered. Therefore, a narrative module scoring matrix
NMSM contain the RV of each situation alternative (eq. 6.1).
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Narrative Module
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FIGURE 6.2: An example of a Narrative Module Decision Graph
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Finally, using the scoring matrices with their respective response vectors combined
with the player path, we can define a respondent matrix R through a scoring sys-
tem. In the matrix R, each row corresponds to a response vector RV that
is influenced by the decisions made by the player throughout the game. For ex-
ample, as shown in Figure 6.2, the player is initially presented with two options
(A and B). If the player opts for alternative A, RV, is incorporated into their
chosen path. Upon making their final choice, the system computes the average
of each column in the matrix R to derive the player’s behavioural profiles
BP. Consequently, the behavioural scoring mechanism represents a player’s be-
havioural profile as assessed by the game using an n-dimensional vector, where

n indicates the total number of soft skills evaluated.

The following equations represent, respectively, the path of a player P (eq. 6.2), the
corresponding respondent matrix R (eq. 6.3) and the behavioural profile (eq. 6.4)
generated from the GSJT example depicted in Fig. 6.2.
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Where m is the path length and:

S = (a1 +di + fr)
Sy = (ag +do + f2)

S, in equation 6.4 represents a soft skill’s value in a player’s BP which fluctuates

after each choice made by the player.

To conclude, a human approach to generating a behavioural profile through a
GSJT contains three stages, as depicted in Figure 6.3. First, the psychometric
team initialised the scoring matrices of the SJT. Then, when the narrative modules
are implemented into the GSJT, the player will generate their respective paths in-
game. The overall is input into a scoring system, as explained previously, to

generate the players’ behavioural profile.

6.2.2 A Hybrid scoring method approach

In harnessing the power of the GSJT stealth assessment’s capability to amass
large-scale, intricate data on players’ behaviours, we present a hybrid proposal:
fusing the traditional human-centric methodology, predicated on the scoring
matrices derived in the methodology’s secondary stage, with a computational
psychometric model. This model draws upon a resource pool of testers who

have pre-established behavioural profiles.
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FIGURE 6.3: Psychometric Team Approach to Generate a Behavioural Profile

This amalgamation of the conventionally human-focused approach, where psy-
chometric experts identify the response vectors (RV) with a computational psy-
chometrics scoring matrix system, presents an alternative solution. It appears
to incorporate the beneficial elements from both ends of the spectrum, providing
psychometrics experts with an enriched understanding and control over

the GSJT’s capacity to analyse behavioural profiles.

The computational psychometrics scoring system capitalises on the principle of
proportion consensus and weighted scoring approaches. This technique
exploits the players’ game paths and their associated pre-identified be-
havioural profiles to efficiently generate weighted scoring matrices. Con-
sequently, this system proffers a data-informed methodology for assessing exper-

tise, as opposed to relying purely on subjective human observations or evaluations.

By striving to implement this approach, our objective is to furnish a tool that
expedites the creation of scoring matrices. This production, coupled with the
insights gleaned from computational data, equips psychometrics experts with a
comprehensive perspective. Hence, the proposed model presents an advantageous
blend of machine learning approaches and human intuition, potentially enhancing

behavioural assessment through a GSJT.

As illustrated in Figure 6.4, the proposed alternative methodology encompasses

four distinct stages. The initial stage involves the identification of each
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participant’s behavioural profile. Depending on the context, the generation
of these behavioural profiles can be achieved either through direct self-assessment
utilising the Situational Judgment Test (SJT) devised by the psychometric team,

which serves as a behavioural profile SJT, or through a self-peer assessment method

220, 229].

g ------------- Monitor / Modify. - - - -,
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Data Algorithm
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Self/Peers Assessment/ G !
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Computational Psychometrics Players'
Behavioral Profiles (BPCP)

FIGURE 6.4: Computational Psychometrics Approach to Generate a Be-
havioural Profile

The subsequent three stages share common objectives with the human approach.
However, the generation of scoring matrices in this alternative strategy can be done
without the involvement of psychometric experts. Instead, the scoring matrices
are produced via a computational psychometric data algorithm that considers the
participants’ behavioural profiles and respective players’ paths, as delineated in
Figure 6.5. However, our objective is to promote a hybrid approach that cap-
italises on the advantages of both computational and human methods. Thus,
psychometric experts are empowered to monitor or modify the scoring ma-

trices.

The computational psychometric data algorithm generates a two-dimensional
array for each node or situation’s alternative, wherein each row signifies the
behavioural profile of the player who selects the corresponding situation’s alterna-
tive. For instance, the two-dimensional array associated with node A comprises
two rows, while the array for node F' consists of three rows. Subsequently, an
array is constructed using the means of each column in the two-dimensional ar-

ray, representing the computational psychometric response vector. This process is
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FIGURE 6.5: Computational Psychometrics Algorithm Process

replicated for all narrative module nodes. Consequently, as more players choose a

response alternative, the alternative response vector will be increasingly tuned.

To conclude, the primary objective of using this hybrid approach is twofold.

First, it is not designed to replace human expertise but to facilitate the rapid

creation of scoring matrices. Second, it aims to offer psychometric experts

new insights through the use of computational data. These objectives are

achieved based on an implemented narrative module. This module leverages the

GSJT stealth-assessment capability to collect large-scale and complex data

on players’ behaviours.
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6.3 Experimentation 3: Computational
Psychometric Scoring System
Implementation, Experimental

Design and Objectives

In this section, we will present an experimental study to investigate the
effectiveness of using computational psychometrics (CP) in the scoring
process for a gamified situational judgment test designed to assess leadership
soft skills. We will compare the results of two scoring methods: one based on
psychometric expert judgment to create the narrative modules scoring
matrices response vectors (RV“?") and the other on computational
psychometrics (RVF), using data collected from players’ self/peers as-
sessments. We aim to evaluate whether CP can help psychometric experts in

their endeavours to generate response matrices for the situations.

In the context of recent research promoting the use of machine learning in be-

havioural science [230, 231], we propose to confirm the following hypothesis:

e The application of computational psychometrics may assist
psychometric experts in developing a relevant in-game soft skill

measurement system.

6.3.1 Experimental Gamified Situational Judgment Test

The previously developed Flight GSJT (see section 4.3) was adapted for the cur-
rent experiment to exclusively assess four vital leadership soft skills within an
academic context: (1) Facilitating a shared understanding of collective goals (2)
Fostering cross-functional collaboration and cooperation, (3) Building trust and
rapport, and (4) Encouraging innovation and organisational agility. Players are
exposed to six designed situations selected from a collection of nine possible
scenarios within the game. Four of these six scenarios are prearranged to be expe-
rienced by all participants to ensure a comprehensive evaluation of each player’s
leadership abilities. Individual players’ remaining two scenarios depend on their
specific choices and actions in preceding situations, thus offering a personalised

and dynamic experience.
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Each scenario presents players with two or three unique options, leading to
twenty-five potential alternatives throughout the game. This framework en-
ables 2430 distinctive pathways, providing a rich environment for leadership
soft skills. In alignment with our assessment objectives, we have removed any
form of feedback for this experiment to mitigate potential biases that may in-
fluence the evaluation process. Finally, one psychometric expert generated the

various narrative module scoring matrices.

6.3.2 Sample and Procedures

Participants for the GSJT were recruited from a diverse range of nine companies
spanning Canada, Italy, Germany, Turkey, and France. These participants repre-
sented fifteen separate working teams, totalling seventy-six players. Team sizes
varied, consisting of three to nine members with a combination of supervisors,

subordinates, and peers of equal hierarchical status.

After completing the GSJT, players were asked to complete a survey to assess
themselves and their peers’ performance in the four targeted soft skills. This
assessment utilised the rating scale outlined in Table 6.2, which experts employed
to score situation alternatives. Players could abstain from evaluating an individual
or a specific soft skill if they felt inadequately informed about the person or the
skill in question. A minimum of two peer assessments was mandated to
guarantee fairness and equity in generating a player’s behavioural profile from
the peers (BPP*"®). As a result, forty BPP*"s were generated from the initial
fifty-one players.

TABLE 6.2: Scoring Grid

Score Description
) Extensive experience in the soft skill area
4 Good experience in the soft skill area
3 Some experience in the soft skill area
2 Little experience in the soft skill area
1 No experience in the soft skill area
0 The alternative does not evaluate the soft skill

Upon analysing the gameplay data, we observed thirty-six unique paths taken

by the fifty-one players who completed the game. In total, 20 out of the 25
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potential alternatives were encountered throughout the various playthroughs.

Consequently, twenty RV " were generated.

Ultimately, three distinct types of B P—each representing a player’s behavioural
profile were associated with each participant: (1) An expert behavioural pro-
file (BP*'') based on scoring matrices established by the expert, (2) a
computational psychometrics behavioural profile (BP“") derived from
the twenty RVCF | and (3) the reference self/peers behavioural profile
(BPpeeTS).

6.3.3 Results and Discussion

The proposed hypothesis suggests that incorporating a computational psychomet-
rics (CP) scoring system may assist psychometric experts in developing
a relevant in-game soft skill measurement system. This enhancement is
achieved by generating CP scoring matrices, as detailed in the corresponding
method section 6.2. To investigate this, we conducted a similarity analysis
involving the players’ BP®ret, their BP°", and their BPP*"s.

In order to assess the reliability of the CP scoring system, we carried out an Eu-
clidean distance (L2) analysis between the players’ BPYY and BPP¢"*. This
analysis offers insights into the level of agreement between the BPY" and BPPe"s,
A smaller distance would indicate higher similarity and, therefore, increased reli-

ability.

Similarly, we also performed an L2 analysis comparing the players’ BP?*"* and
B PPee"® to evaluate the reliability of the expert scoring system. By comparing the
results of these two analyses, we can determine how much the CP scoring system
enhances the GSJT’s scoring system reliability compared to the expert scoring
system. This comprehensive examination enables us to understand better the
potential benefits and drawbacks of incorporating computational psychometrics

into the GSJT scoring system.

We found superior similarity results for the L2 norm between players’
BPC? and BPres (Average = 0.92, Median = 0.90, Min. = 0.32, Max.
= 1.57) compared to the players’” BP*P*"t and BPP*"s (Average = 1.76, Median
= 1.68, Min. = 0.63, Max. = 3.34). Figure 6.6 graphically illustrates the dis-

tinct behavioural profiles and demonstrates that an L2 norm of 0.90 signifies that
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the two scoring systems generate nearly identical score values for each soft skill.
This supports our hypothesis that a CP scoring system may be reliable for
evaluating behavioural profiles. Conversely, an L2 norm of 1.68 indicates a
discrepancy in the values of three soft skills, suggesting that the expert scoring

system is less precise in its assessment.

Two behavioral profiles with Two behavioral profiles with
an Euclidian distance of 0.90 an Euclidian distance of 1.68

Two behavioral profiles with
an Euclidian distance of 3.34

FIGURE 6.6: Euclidian analysis between three pairs of behavioural profiles

We also conducted a cosine similarity analysis, which revealed a high similarity
with an average of 0.99 between BP®T and BPP*"*. These findings further
support our hypothesis. Figure 6.7 presents the distribution, spread, and skewness
of the L2 norm analysis using a box-plot method to delve deeper into the data and
interpret the results. The four guidelines’ level numbers represent the soft skills
the two scoring systems disagree with in the BPs. The two scoring systems concur
if the L2 norm between the results is under the level 1 guideline. Conversely, above
guidelines 1, 2, 3, and 4, the scoring systems disagree on at least one, two, three,
and four soft skills, respectively, as indicated in table 6.2. For level 4, this may also

imply disagreement on a single soft skill with a significant scoring difference
of (> 2.0).

First and foremost, Figure 6.7 demonstrates that the L2 analysis of the expert
scoring system is much more dispersed than that of the CP scoring system, with
a distribution centred around level 3. This suggests that the expert scoring
system’s assessment is less consistent with the self/peer assessment than the CP

scoring system’s assessment is with the self/peer assessment. Furthermore, we
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observed that 20% of BP®?"* are in complete agreement with BPP*“"* (under
the guideline level 1), whereas the CP scoring system revealed that 70% of the
BPCT are in complete agreement with the BPP"s. As a result, the findings
indicate that CP is more reliable than the expert scoring system, with a high level

of reliability in assessing soft skills.

Therefore, a CP scoring system could be used as an alternative scor-
ing system for GSJT. A computational psychometrics scoring system might be
more straightforward and efficient, as obtaining RV ?°"* scores from an expert
can be time-consuming and cumbersome. By combining game sessions and data
collection through the digital GSJT, it is possible to generate RV more efficiently,
accurately, and reliably than through a unique expert scoring approach. Compu-
tational psychometrics may also reduce cognitive errors and biases. For instance,
the expert realised after the experiment that they had confused two characters’
names in the game story, which affected the situation’s scoring matrix. The expert
also admitted that working closely with the game client influenced their scoring,
implying that the expertise needed to be more neutral and more aligned with
the client’s perspectives on which situation answer was good, deviating from the

initially desired honest assessment approach.

However, this innovative approach is not without its challenges. The inherent data-

driven nature of computational psychometrics brings with it potential biases. For
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example, the selection of the initial player pool, critical to initialising scoring
matrices, may introduce inherent bias based on the pre-established reliability of
players’ behavioural profiles. Hence, the selection and design of the initial player
pool require careful consideration to generate reliable and unbiased scoring ma-
trices. As outlined in the chapter 1, despite their inherent biases, experts should
remain an integral part of the process due to their profound understanding of the
subject matter and context. Moreover, the limitations of the computational psy-
chometric system demand continuous expert monitoring to mitigate any
shortcomings. Hence, our hybrid approach aims to harness the advantages of
both approaches, reducing inherent biases through their complementary
interaction. Yet, human resources experts may require additional support to
fully rely on computational data methods, leading us to explore whether a CP

scoring system can serve as an effective tool in aiding expert scoring.

To this end, we asked the expert to repeat the scoring process while considering
the CP scoring for each situation’s alternatives. We observed that the expert al-
tered thirteen of their RV expert scores out of the twenty alternatives
attributed to an RVC" by the CP scoring system. Nonetheless, the expert’s
modifications only affected some alternative RV "t which did not initially con-
sider evaluating one or more soft skills with the modified RV ¢*?¢"t, We observed
that the expert changed their mind about their initial alternative scoring of specific
soft skills, ranging from 0, as described in table 6.2, to a higher value. However,
the expert’s feedback on their second scoring round indicated they only lightly
considered the RVC" in the iteration. The expert also felt that the CP scor-
ing system needed to fully account for the human and social complexity of the
game’s situations. In other words, the modifications were not prompted by the

CP scoring system but rather by the effect of iterating the alternatives’ scoring.

Conversely, a second external expert’s scores, obtained after playing the game,
aligned closer to the CP scores. This expert also utilised the CP scores to refine
scoring matrices and fully trusted the computational scoring system for

four scoring alternatives.

These observations demonstrate a variance in experts’ utilisation of compu-
tational data methods. Some experts might use the CP scoring model as an
auxiliary tool to partially or fully refine their scoring methods. In contrast, oth-
ers might fully trust the computational psychometrics method and directly

incorporate CP scores into their evaluations.
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In conclusion, our findings suggest that the CP scoring model could serve as a
valuable tool for experts in soft skills assessment. However, further research is
necessary on the one hand to enhance and minimise the potential biases of the
computational scoring system and make it valid with other samples and stud-
ies; on the other hand, to understand experts’ readiness to adopt computational
data methods in their scoring processes. One approach could be the application
of the Technology Acceptance Model. This model can help explore the factors
influencing experts’ acceptance and use of computational psychometrics in their
scoring processes, such as perceived usefulness, perceived ease of use, and subjec-
tive norms. Conducting more thorough research in this area can provide insights
into potential barriers and facilitators influencing experts’ willingness to integrate
computational data methods. This, in turn, could contribute to developing more

effective and reliable scoring systems for evaluating soft skills in GSJTs.

6.4 Conclusion

In conclusion, our research indicates that the computational psychometrics
scoring approach could be a potent instrument for experts evaluating
soft skills. The computational psychometrics scoring approach and the presented
experimentation have been the subject of a peer-reviewed scientific paper [232].
Nonetheless, further exploration is necessary for two main areas. Firstly, to amplify
the effectiveness of the computational scoring system by minimising its potential
biases and validating its applicability with diverse samples and studies. Secondly,
to delve deeper into understanding the readiness of experts to incorporate compu-

tational data methods into their scoring procedures.

A more exhaustive investigation in this realm could offer valuable insights into the
potential hurdles and enablers that influence experts’ willingness to incorporate
computational data methodologies. Ultimately, these research efforts could con-
tribute to the evolution of scoring systems for GSJTs. By harnessing the power
of computational data methods, we aim to enhance the effectiveness and relia-
bility of soft skills assessment, thereby potentially creating a more accurate and
nuanced understanding of individuals’ soft skills. Thus, the potential of com-
putational psychometrics, combined with experts’ proficiency, presents

a promising future for the advancement of assessment processes.
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In alignment with research objective B, we delved into the
development of a computational psychometric scoring
system in this chapter, designed to aid the psychometrics
teams of GSJT.

In the first part, we explore the state of the art of the
scoring mechanisms involved in situational judgment tests
(SJT). Traditional scoring methods are outlined, each with
distinct modalities, benefits, and limitations. The goal is to
establish context by providing a foundational understanding

of the current landscape in SJT scoring.

Transitioning into the second part, we introduce our
proposed solution - a computational psychometric
scoring approach that incorporates traditional GSJT
human scoring methods. This approach leverages scoring
matrices and machine learning techniques for behavioural
profiling. We suggest an hybrid scoring method to
build on the strengths of human-centred traditional
systems while counteracting their weaknesses. This
method combines the precision of human-centred computa-
tional scoring with the familiarity and comfort of traditional
methods and the expertise of a psychometrics expert. The
aim is to offer a human-centred, unique, and nuanced

evaluation of an individual’s responses.

The latter part of the chapter is dedicated to a human-centred
practical application of our proposed system and the hybrid
approach. We conclude the chapter with the results of our
experiment and a discussion of their implications. Through
discussing the performance of our computational scoring sys-
tem, we aim to demonstrate its feasibility and potential ben-

efits over the design and production of GSJTs.



Chapter 7

Machine and deep learning
models to help the creation of

realistic non-playable characters

7.1 Why it’s important to have realistic

characters for soft skill recognition

As explained earlier, interactive narrative games are a primary form of story-
telling that relies heavily on interpersonal situations with various char-
acters. As a result, one of the primary reasons that realistic NPCs with real per-
sonalities are crucial in a GSJT is that they contribute to the overall immersion
and engagement of the participant. Immersive experiences are more likely
to elicit genuine responses and encourage participants to draw upon their
accurate soft skills in order to navigate complex social situations. When NPCs
display authentic emotions, reactions, and behaviour, they could create an envi-
ronment where the participant can fully immerse themselves, ultimately providing
a more accurate reflection of their soft skills. Moreover, heightened immersion
helps maintain participant motivation and interest, reducing the risk of dis-
engagement or inaccurate responses due to boredom or lack of investment in the
test.

In the field of gamification, it is a commonly held view among experts that NPCs,

more specifically in ING, should ideally capture the nuances of human behaviour

152



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 153

to effectively stimulate a participant’s decision-making skills [233, 234]. Tt is pro-
posed that realistic NPCs, equipped with well-defined personalities, may encourage
participants to consider diverse factors in decision-making processes, such as the
character’s emotions, motivations, and interpersonal dynamics [210, 235].
It is argued that the complexity introduced through these realistic NPCs could
mirror the intricate nature of decision-making in real-world scenarios, thereby fa-

cilitating a more authentic evaluation of soft skills.

Moreover, our expert collaborators hypothesise that these life-like NPCs can po-
tentially enhance the transference of soft skills learned and honed during
the GSJT. By engaging with NPCs that strive to simulate natural human be-
haviour, participants and, consequently, recruiters may be better positioned to
identify and select individuals with key soft skills that are likely to be beneficial
in their future everyday lives. It is also suggested that these realistic NPCs might
serve as a bridge between the simulated GSJT environment and the ac-
tual world, potentially bolstering the development and recognition of soft skills
across various contexts. It is, however, important to note that empirical research
to support these hypotheses conclusively is currently limited, pointing towards an

interesting direction for future studies.

In conclusion, integrating realistic, non-playable characters with true-to-life per-
sonalities into gamified situational judgment tests may be key for authentic and
reliable soft skill evaluation. These characters could foster immersion, encourage
complex decision-making, and potentially cultivate empathy and emotional intel-
ligence, in addition to enhancing the transferability of skills to real-life scenarios
[233]. As the need for efficient soft skill evaluation tools continues to rise, includ-
ing realistic NPCs in the design and deployment of gamified situational judgment
tests remains an area of significant interest, both for its current perceived benefits

and future empirical investigation.

7.2 Proposing dialogues personality classifiers

Following our methodologies, the writers hold the second most crucial role in
conveying the coherence of the assessment, as they are responsible for trans-
forming the situational judgment test (SJT) situations into an interactive narra-

tive script. A fundamental process at this stage involves the creation of realistic
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characters and dialogues between these characters, as detailed in Section 7.1. The
psychometric team validates this process, ensuring the intended SJT situations

are accurately transposed into an interactive narrative script.

In alignment with our objectives to support the GSJT writing team in their efforts,
we propose the development of personality classifiers based on natural
language processing (NLP) that will assist the writers. These classifiers
will help to facilitate the creation of realistic characters and dialogues, further

enhancing the gamified situational judgment test as detailed in section 7.1.

Building on the approaches of Rahman et al. [236] and Majumder et al. [237],
personality traits individually yield superior results compared to studying the
combination of traits as a single type. Several methodologies exist for generating
binary classifiers for personality recognition, which primarily rely on machine

learning and deep learning algorithms that are heavily data-driven.

In this context, the objective is to compare various speech-based binary
classifiers for character personality recognition, focusing on one or multiple
typology models, such as the four M BT dichotomies and the BigFlive traits
(see Section 1.1.4). This comparison enables the recommendation of classifiers
best suited to the specific context of writers and developers. However, before
comparing these classifiers, we propose a method to facilitate the creation of such

classifiers in the realm of non-playable character personality recognition.

7.3 Creation of a binary classifier for Non-Playable

Characters Dialogues

Whether the classifier is based on machine learning or deep learning techniques,
we suggest using dialogues/speeches and characters’ psychometric evalu-
ations from existing INGs as input data for training the models. The proposal
procedure for creating classifiers in natural language processing for NPC personal-
ity recognition is described in three stages in Figure 7.1: Document collection
and labelization, document preprocessing, and training and validation

of the generated models.
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FIGURE 7.1: Personality Classifier Generation Process
7.3.1 Stage 1: Document collection and labelization

Firstly, the GSJT designers have to collect a maximum of games where the
characters and their respective dialogues are known to be used as input for the
training of the supervised machine and deep learning models. In supervised ma-
chine learning, using labelled data as input is essential for effectively training the
model. Consequently, each character must be tagged with multiple labels that
correspond to the selected model’s personality traits. We believe players
are best suited to tag these characters since they directly engage with the NPCs
throughout the game. To facilitate this process and follow our research objectives,
we used the ”personalitydatabase.com” platform, which allows players to vote on
the personality traits of various fictional characters from movies and video games.
This community-driven website primarily focuses on the Myers-Briggs Type

Indicator (MBTI) and the Big Five personality typologies.

While characters’ feelings and emotions might change during a game based on
the storyline, a character’s overall personality, as described by MBTI or the Big
Five, remains consistent throughout the entire game. Players’ perceptions of a
character’s personality typically do not change significantly from beginning to end

unless the story involves a character with a split personality disorder, such as in the
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Danganronpa series games. In cases like these, we treat the different personalities

as separate characters.

Moreover, we believe that each game chapter! serves as a unique context in which
characters’ personalities are exhibited in ways corresponding to the specific chap-
ter situation. Compiling all dialogues and speeches of a character into a single
document could potentially confuse the training process, as the character may ex-
press a wide range of emotions throughout the game. Therefore, we also propose
to use deep learning techniques to capture the emotional behaviour of a character
in a particular situation while considering their personality as a constant factor.
In other words, a character’s emotional expression may vary depending
on the context and situation, but their personality remains constant

throughout.

To address this concern, we propose dividing speeches and dialogues into multi-
ple documents, each representing all the sentences spoken by a specific character
within a particular game chapter. This approach allows for a more comprehensive
and nuanced understanding of each character’s personality traits and emotional ex-
pressions, ultimately leading to better performance in training the model. Finally,
we are able to label each document with multiple labels based on the respective

characters’ personalities.

7.3.2 Stage 2: Document Preprocessing

Binary classifiers aim to categorise textual data into one of two predefined classes
(e.g., introverted or extroverted). For such classifiers to be effective, it is essential

to filter out emotionless documents and perform thorough text processing.

Emotionless documents contain little or no emotional content, making it difficult
for NLP models to discern personality traits accurately. Including such documents
in the dataset used for training and evaluation may lead to a biased or less accurate
classifier, as the model may fail to learn the relevant patterns and relationships

between textual features and personality traits.

LA chapter in the context of interactive narrative games typically refers to a segment or part
of the game’s overall storyline. Chapters are commonly used to divide the game’s narrative into
manageable portions, each with its own subplot or set of objectives contributing to the overall
plot.
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Additionally, text processing is a crucial step in developing any NLP model. In the
context of binary classifiers for personality detection, the following text-processing

techniques are particularly relevant:

e Tokenization: Tokenization involves breaking a document into individual
words or tokens. This process allows the model to analyse the frequency and
distribution of words, which can be informative for identifying personality

traits.

” N

e Stopword Removal: Stopwords are common words (e.g., "the,” ”and,”
7is”) that carry little meaning and can introduce noise into the model. Re-
moving stopwords helps to focus the model’s attention on more relevant and

informative words.

e Lowercasing: Converting all text to lowercase ensures consistency and re-
duces the dimensionality of the data, as words in different cases are treated

as separate tokens.

e Lemmatization/Stemming: Lemmatization and stemming are techniques
for reducing words to their base or root form. This process helps to group
similar words together, reducing noise and enabling the model to identify

patterns more effectively.

e Feature Extraction: Transforming raw text into numerical representa-
tions, such as word embeddings or term frequency-inverse document fre-
quency vectors, allows the model to analyse and process the data more effi-
ciently. These representations capture semantic and syntactic information,

which can be beneficial for personality detection tasks.

e Feature Selection: Reducing the number of features used in the model
can help prevent overfitting and improve generalisation. Techniques such
as mutual information, chi-squared, or recursive feature elimination can be

used to select the most relevant features for the task.

In conclusion, developing a binary classifier for personality detection using NLP
requires careful consideration of filtering emotionless documents and thorough text

processing. By eliminating documents lacking emotional content, we ensure that
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the classifier is trained on a more representative and informative dataset, im-
proving performance and accuracy. Furthermore, applying text processing tech-
niques, such as tokenisation, stopword removal, lowercasing, lemmatisation/stem-
ming, feature extraction, and feature selection, enables the model to effectively
capture the underlying patterns and relationships between textual features and

personality traits.

7.3.3 Stage 3: Train and Generate the Models

Finally, the last stage focuses on training and validating the binary classifiers. As
mentioned earlier, several approaches exist based on machine learning algorithms
and deep learning algorithms. Our objective in this chapter is not to enhance the
validity and reliability of such an algorithm but to use it to generate a useful model
to help the writer team in their endeavours. Therefore, we suggest training several
models for each personality trait with the most used machine algorithm from
the literature review for natural language processing for personality classification:
support vector machines, random forest, logistic regression, naive Bayes

and decision tree.

In addition, following Rahman et al.’s approach [236], a convolutional neural
network (CNN) proves its efficiency in text-based personality recognition. Fur-
thermore, CNN enables the training of a multi-class classifier. Therefore, following
the same three-step process, the authors may generate a multi-class classifier to

help them evaluate the personality of their characters.

Lastly, we suggest using the 10-fold cross-validation used in machine learn-
ing, including personality detection tasks, to assess the performance of a classifier
on unseen data. Cross-validation aims to obtain a more accurate and reliable
estimate of the classifier’s generalisation ability, which helps prevent overfitting
and underfitting. Hence, in our context, employing such a validation model may
assist writers in selecting or generating the most suitable model for their partic-
ular objective. This goal involves converting situational judgment test scenarios
into interactive narrative situations incorporating engaging and realistic dialogue

between characters.
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7.4 Experimentation 4: Development and
implementation of NPC’s binary personality
classifiers, Experimental Design and

Objectives

In this section, we present our approach to experiment with text-based personality
classifiers for categorising non-playable characters (NPCs) in visual novels, aimed
at assisting game designers and writers in crafting more engaging and interactive
gamified selection tools. Building on the ideas discussed in section 7.3, we employ
natural language processing techniques and evaluate various machine learning and

deep learning methodologies to classify NPCs based on their dialogue.

Our work in this section serves two main purposes. First, we argue that machine
learning and deep learning techniques effectively identify distinct NPC person-
alities. Second, we aim to compare and identify the most suitable algorithmic
approaches for generating personality trait classifiers. The primary focus of this
section is to gather preliminary evidence in support of the hypothesis that these

techniques can successfully categorise NPCs according to their personalities.

Hence, this section focuses on finding preliminary evidence to confirm the following

hypothesis:

e By employing machine learning and deep learning techniques, it is
possible to classify non-playable character (NPC) personalities in
order to enrich and heighten the significance of in-game interper-

sonal interactions.

7.4.1 Psychometry, Tools and Dataset

In this subsection, we first describe the two psychometry typologies used in the
experiment (MBTI & Big Five). Then, as Furnham et al. [42] revealed in their
study, there is a high correlation between the two. As we will see later, we present
a pre-study to check if this correlation may be applied and effective in our context.

Finally, we present the tools and the dataset used for the whole experiment.
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7.4.1.1 MBTI and Big Five Typologies

Building upon the research by Ochs [238] that aims to create believable NPCs, our
study examines two prevalent psycho-social typologies for characterising person-
alities. First, we consider the Myers-Briggs Type Indicator (MBTI) [42], a widely
used assessment tool that measures an individual’s personality type based on four

distinct dichotomous traits:

e FExtraversion/Introversion (E/I) dichotomy reveals how an individual inter-

acts with his/her environment and others.

e (Ntuition/Sensing (N/S) dichotomy reflects how an individual perceives the

collected information from his/her surroundings.
e Feeling/Thinking (F/T) dichotomy depicts how an individual decides to act.

e Judging/Perception (J/P) dichotomy determines the attitude that influences

an individual’s way of living or working.

Combining the four dichotomous traits, we arrive at 16 distinct personality types.
Each type is denoted by a four-letter code encapsulating an individual’s unique
personality characteristics. For instance, an individual possessing Extraversion,
Intuition, Feeling, and Perception traits is classified as an ENFP type. ENFP
individuals, often referred to as free spirits, are known for their cheerful and com-
municative nature. They are deeply connected to their values and continually seek

existential harmony.

In contrast, we also explore the Big Five personality factors [42], which consist
of five defining traits that remain relatively stable throughout an individual’s life.

These traits include:

e FExtraversion (EXT) is related to positive emotions and the tendency to seek

stimulation and company from others.

e Openness to experience (OPN) is related to appreciating art, emotions, ad-

ventures, unusual ideas or new ideas, curiosity, and imagination.

o Agreeableness (AGR) is related to being compassionate and cooperative

rather than suspicious and antagonistic towards others.
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o Conscientiousness (CON) is related to self-discipline, respect for obligations,

organisation rather than spontaneity, and goal-oriented.

e Neuroticism (NEU) is related to a tendency to easily experience unpleasant

emotions such as anger, worry or depression, vulnerability, and stress.

Compared to the MBTT’s dichotomies that reflect binary oppositions in meanings,
the Big Five factors follow a continuum logic for each trait. In other terms, an
individual is more or less presenting aspects that define a Big Five trait. However,
in this study, we consider the Big Five traits as boolean variables to enable the

generation of binary classifiers following the related works’ approaches.

7.4.1.2 Pre-study on the Correlation between the Big Five and MBTI
typologies

Furnham and Adrian [42] conclude in 1996 that there is a correlation between the
MBTT indicators and the Big Five personality traits [239]. Table 7.1 depicts the

Correlation between the two typologies.

TABLE 7.1: Correlation between the Big Five traits and the MBTT traits

MBTI Big Five
E/I EXT (correlates with E)
N/S OPN (correlates with N)

(
F/T AGR (
J/P CON (
Inexistant in MBTI NEU (No Correlation)

correlates with F)

correlates with J)

However, we need to know if this Correlation may be applied and effective in
our context. Hence, we first measure the inter-rater agreement reliability of each
character’s personality between the two typologies using Cohen’s kappa coefficient

approach. Two methods were suggested:

e One method measures the inter-rater agreement coefficient by personality
type. Asthe MBTI typology does not have the neuroticism trait from the Big

Five, we measure the coefficient using only the correlated traits in Table 7.1.
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In other terms, we have a perfect agreement if a character was labelled as an
ENFJ type and presented the extraversion trait, the openness to experience

trait, the agreeableness trait, and the conscientiousness trait of the Big Five

typology.

e The second method measures the correlated traits independently of the per-
sonality types. Therefore, we measure four Cohen’s kappa for each correlated

trait combination to validate inter-rater agreement reliability.

The inter-rater agreement pre-study reveals a moderate agreement of 0.589 for
the first method, revealing the overlap between the personality types of the two
typologies. Likewise, the second method reveals a correlation between each pro-
posed correlated trait in Digman and John’s study [239]. Nonetheless, as shown in
Table 7.2, the Correlation varies from a moderate agreement for the openness to
experience and conscientiousness traits with their MBTT pair-wise traits through a
substantial agreement for the agreeableness trait with its MBTT pair-wise traits to

a near-perfect agreement for the extraversion trait with its MBTT pair-wise traits.

TABLE 7.2: Interpretation Cohen’s Kappa value

Pair-wise traits Kohen’s Kappa Interpretation

EXT - E/I 0.816 Near-perfect agreement
OPN - N/S 0.467 Moderate agreement
AGR - F/T 0.664 Substantial agreement
CON - J/P 0.523 Moderate agreement

These results are consistent with Digman and John's results [239], which suggest an
overlap between the two psychometric typologies. However, the variation between
the pair-wise correlated traits suggests that there is still a difference between them.
For this reason, we will study both typologies independently for the rest of the
study.

7.4.1.3 Experiment Tools

Our study employs Python as the primary language for data collection, processing,

and analysis. We utilise the Numpy Library and the Natural Language Toolkit
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(NLTK) for matrix computation and text preprocessing to ensure efficient data
manipulation and processing. Furthermore, we implement standard machine learn-
ing algorithms using the sci-kit-learn library while leveraging the spaCy library for
deep learning applications. This comprehensive approach allows us to explore and
compare a range of techniques in our quest to develop effective personality classi-

fiers for non-playable characters.

7.4.1.4 Game Pool & Dataset

We extracted character dialogues from nine renowned visual novels to create our
dataset. These games were selected based on the breadth of their character roster

and the richness of the personalities depicted within. The chosen games include:

e Danganronpa: Trigger Happy Havoc is a Japanese visual novel and murder
mystery game featuring a diverse array of characters with distinct personal-

ities. This game marks the first instalment in the Danganronpa series.

e Danganronpa 3: Ultra Despair Girls is a sequel to the original Danganronpa,
combining third-person adventure shooter elements with visual novel game-
play. The game introduces a new set of characters distinct from those in the

series’ first episode.

e Steins;Gate is a captivating visual novel that follows various characters nav-
igating multiple alternative timelines. The characters * personalities remain

consistent while the contexts and character variants change across timelines.

o Umineko no Naku Koro Ni I € II are visual novels that share a similar nar-
rative structure with the first Danganronpa instalment. The story features

eighteen characters, each with their own unique personalities.

o Phoenix Wright: Ace Attorney is a series of visual novel adventure games
that showcase a wide range of characters and personalities throughout mul-
tiple episodes. Players assume the role of an attorney tasked with defending

various clients by investigating cases and presenting evidence during trials.

e Persona 3, 4, and 5 are role-playing games that incorporate extensive dialogue-
driven gameplay. These instalments offer a rich assortment of characters and
personalities, blending visual novel elements with traditional role-playing ad-

venture gameplay.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 164

Following our proposal in section 7.3, labelled data are required as input in super-
vised machine learning to train the model. Hence, each character must be tagged
with multiple labels corresponding to the four MBTI dichotomies and the Big Five.
The players are the most predisposed to tag the characters as they directly interact
with the NPCs. Therefore, we used the "personalitydatabase.com” [240] platform
that enables players to vote for the personality of any fictional characters from
movies or video games. We extracted 170 non-playable characters’ personalities
from the game pool and labelled each character’s speech with their correspond-
ing personalities. We regroup the speeches and dialogues into several documents
that represent all the sentences used by a specific character in a specific game
chapter. This process provides 6200 labelled entry points in the form (document,
MBT1I/Big Five traits).

7.4.2 Experimental Method

In line with the approaches employed by Rahman et al. [236], Majumder et al.
[237] and our proposal, analysing and examining personality traits independently
yields better results than studying the combination of traits as a single type. Con-
sequently, we propose comparing various character speech-based binary classifiers
for each of the four MBTI dichotomies and the Big Five traits. Additionally, we

utilise deep learning algorithms to generate and compare a multi-class classifier.

We use the dialogues/speeches and the characters’ psycho-metrics as the data
entry points to train the models. The process of training classifiers in natural

language processing is globally divided into three steps:

e Dataset Analysis
e Data Preprocessing

e Model Training

The following subsections of this section explain the details of those steps.

7.4.2.1 Dataset Analysis

We conducted a preliminary analysis of the distribution of MBTI personality types

and the various personality traits independently to verify the suitability of the
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collected dataset for our research. As shown in Figure 7.2, the dataset is not
uniformly distributed across the sixteen personalities defined by the MBTI typol-
ogy. For instance, the least common personality type among the data points is
INFJ, with only 35 occurrences, while the most frequent personality type is ISFJ,
with as many as 936 occurrences. This uneven distribution should be considered
when interpreting the results and evaluating the performance of the classification

algorithms.

Dataset

800 -+
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400 1

200

ENT] ESTJENFP ISF] ISTP INT) INFPESFPENF)ESTP INF] ESF] ISFP INTP IST) ENTP

F1GURE 7.2: MBTI Dataset Distribution Analysis

Despite the uneven distribution of MBTI personality types, our study aims to
compare binary classifiers for each personality trait, following the methodology of
Majumder et al. [237]. As shown in Table 7.3, the data is more evenly distributed
among the four MBTI dichotomies when considered independently. The differ-
ence between the two possible labels for a specific trait is not significant enough to
warrant remediation methods such as class duplication or reduction [241]. Conse-
quently, we proceed with training on the original dataset, which consists of 6,200
data points for the MBTI dataset, and carefully consider the distribution when

interpreting results and assessing classifier performance.
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TABLE 7.3: MBTT’s Traits Distribution

MBTI Personality Trait Occurences

E/I 3231 / 2969
S/N 3663 / 2537
T/F 2736 / 3464
J/P 3556 / 2644

A similar observation holds for the study of Big Five personality types. Since the
Big Five typology includes a fifth personality trait, there are thirty-two possible
personality types. However, only 30 of the 32 types are present in our dataset.
For this reason, as mentioned in the methodology section, we will not explore the
creation of a multi-class classifier for the Big Five typology. Instead, Table 7.4
indicates that we can independently focus our analysis on the Big Five traits. It is
important to note that the dataset for the Big Five consists of 5,686 data points, as
players labelled fewer characters with the Big Five traits than the MBTI dataset.

TABLE 7.4: Big Five’s Traits Distribution

Big Five Trait Occurrence

EXT / EXT 3009 / 2677
OPN / OPN 3459 / 2227
AGR / AGR 3646 / 2040
CON / CON 2872 / 2814
NEU / NEU 3148 / 2538

7.4.2.2 Data Preprocessing

In order to train our models effectively, we filter out documents of emotionless
characters that do not convey any personality cues, as they may introduce noise
during the model training process. Subsequently, we implement standard text pre-
processing steps, including tokenisation, lower casing, stop words removal, stem-
ming, and lemmatisation, to improve the efficiency and accuracy of the training
process. These preprocessing techniques help reduce the complexity of the text
data and allow the models to focus on relevant features that better represent the

characters’ personalities.
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7.4.2.3 Model Training

The personality typologies suggest that a character or an individual’s personality
can be defined by combining the four traits for the MBTI and the five traits
for the Big Five. As mentioned in section 7.4.1.1, we consider each personality
trait to be dichotomous, meaning that it contains only two possible categories to
which an individual or a character may belong. Consequently, our objective is
to generate classification models that facilitate the identification of a character’s
category for each personality trait. We propose comparing several supervised

learning approaches that produce binary classifiers to achieve this.

We employ five machine learning algorithms for text classification and one con-
volutional neural network to generate various classifiers for each personality trait.
We follow the 10-fold cross-validation to thoroughly evaluate and compare the
performance of the different algorithms in classifying characters based on their

respective personality traits.

7.4.3 Supervised Machine Learning Algorithms

The academic literature demonstrates that logistic regression algorithms (LR),
support vector machine algorithms (SVM), decision tree algorithms (DT), Naive
Bayes algorithms (NB), and random forest algorithms (RF) are well-established
and effective supervised machine learning techniques for natural language process-

ing and text classification tasks [242].

Moreover, to enable a comprehensive comparison, we employ two-word embedding
methods to capture the semantics and similarity of words in our characters’ doc-
uments. On the one hand, we utilise a bag-of-words algorithm to generate vector
representations for words by considering each word count in a document as a fea-
ture. On the other hand, we employ pre-trained word vectors, specifically GloVe
[243], to represent words in the documents. In essence, we train eighteen binary
classifiers for each personality trait. The bag-of-words method generally yields
better results than using the pre-trained vectors. Consequently, our analysis only

presents the training results obtained using the bag-of-words method.
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7.4.4 Logistic Regression Algorithm

One prevalent approach to text-based personality classification is logistic regression
(LR). LR employs a logistic function to determine the probability of a categorical
dependent variable. It is commonly used for binary problems, where LR compares
the probability with a predefined threshold to assign a binary label to a document.
As shown in Table 7.5, the overall accuracy and F1-Score are relatively low, ren-
dering LR unsuitable as a classifier for categorising characters’ documents among
the sixteen MBTT classes. This suggests that alternative methods may be neces-
sary to achieve more accurate and reliable classification results for this particular

task.

TABLE 7.5: Logistic Regression Classifiers Evaluation

MBTT Classifiers ~ Accuracy F1-Score

E/I 0.714 0.718
S/N 0.700 0.589
T/F 0.715 0.752
J/P 0.734 0.780
Overall 0.262 0.248
Average 0.716 0.710

Big Five Classifiers Accuracy F1-Score

EXT 0.691 0.674
OPN 0.708 0.774
AGR 0.743 0.610
CON 0.739 0.739
NEU 0.728 0.767
Overall 0.196 0.180
Average 0.722 0.713

7.4.5 Support Vector Machine Algorithm

The Support Vector Machine (SVM) algorithm is a method that facilitates binary

classification by utilising a hyperplane as a boundary and maximising the distance
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between classes to distinguish between positive and negative instances. The eval-
uation of the models generated using SVM is presented in Table 7.6. This table

illustrates the performance of SVM in our context.

TABLE 7.6: Support Vector Machine Classifiers Evaluation

MBTT Classifiers ~ Accuracy F1-Score

E/I 0.677  0.687
S/N 0.665 0.560
T/F 0.674 0.714
J/P 0.710 0.752
Overall 0.215 0.207
Average 0.682 0.678

Big Five Classifiers Accuracy F1-Score

EXT 0.668 0.645
OPN 0.675 0.742
AGR 0.736 0.623
CON 0.686 0.688
NEU 0.700 0.741
Overall 0.159 0.151
Average 0.693 0.687

7.4.6 Naive Bayes Algorithm

Another text classification method is Naive Bayes, which follows Bayes’ Theo-
rem to calculate conditional probability. Naive Bayesian algorithms rely on prior
knowledge and probability, assuming that each feature is independent of the oth-
ers. This algorithm is popular and effective for document classification tasks.
Table 7.7 displays the evaluation results of using the Naive Bayes algorithm to

generate a classifier in our specific context.
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TABLE 7.7: Naive Bayes Classifiers Evaluation

MBTT Classifiers ~ Accuracy F1-Score

E/I 0.618 0.576
S/N 0.681  0.542
T/F 0.683 0.725
J/P 0.683 0.755
Overall 0.196 0.171
Average 0.666 0.650

Big Five Classifiers Accuracy F1-Score

EXT 0.632 0.667
OPN 0.656 0.698
AGR 0.743 0.610
CON 0.676 0.623
NEU 0.606 0.588
Overall 0.126 0.104
Average 0.663 0.637

7.4.7 Decision Tree Algorithm

The decision tree algorithm partitions the population into homogeneous subsets
by hierarchically utilising the most important features. This approach facilitates
the binary classification required for this study. The evaluation results of the

generated classifiers using the decision tree algorithm are presented in Table 7.8.
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TABLE 7.8: Decision Tree Classifiers Evaluation

MBTI Classifier ~ Accuracy F1-Score

E/I 0.618  0.624
S/N 0.559 0.450
T/F 0.599 0.648
J/P 0.633 0.683
Overall 0.131 0.124
Average 0.602 0.601

Big Five Classifiers Accuracy F1-Score

EXT 0.613 0.599
OPN 0.639 0.715
AGR 0.633 0.478
CON 0.641 0.625
NEU 0.632 0.675
Overall 0.100 0.086
Average 0.632 0.617

7.4.8 Random Forest Algorithm

Lastly, we employ the random forest (RF) algorithm to generate the classifiers.
As the name implies, RF is an ensemble of decision trees, referred to as a forest,
that classifies a new object based on its attributes. RF offers better generalisation
than single decision tree algorithms by classifying each tree and taking the majority
vote from the trees for the specific class. The performance of the random forest
algorithm in classifying characters’ documents based on their personality traits
can be observed in Table 7.9.
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TABLE 7.9: Random Forest Classifiers Evaluation

MBTI Classifier ~ Accuracy F1-Score

E/I 0.698 0.670
S/N 0.671 0.478
T/F 0.690 0.749
J/P 0.724 0.795
Overall 0.234 0.190
Average 0.696 0.673

Big Five Classifiers Accuracy F1-Score

EXT 0.682 0.649
OPN 0.706 0.796
AGR 0.681 0.353
CON 0.729 0.709
NEU 0.727 0.772
Overall 0.174 0.100
Average 0.705 0.656

7.4.9 Deep Learning Algorithm Using Convolutional

Neural Network

A convolutional neural network (CNN) is a type of neural network that incorpo-
rates convolutional layers, which are effective for classifying text-based documents.
The classification approach using a CNN for NLP tasks, such as binary classifi-
cation of documents or sentences, is described by Zhang and Wallace [244] and
is roughly outlined in Figure 7.3. Initially, an embedding process is applied to
represent the text using vectors. Subsequently, the documents or sentences are
encoded into matrices while considering the document context and utilising the
CNN architecture. Then, an attend and predict phase allows for inferring the clas-
sification using a multi-layer perceptron. In contrast to the bag-of-words method
employed for our machine learning classifiers, the spaCy library relies on a bloom

filter [245] for its vector representation.

Following Rahman et al.’s approach [236], a convolutional neural network (CNN)

has demonstrated its effectiveness in text-based personality recognition. Moreover,
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Ficure 7.3: Classification process using CNN approach with spaCy Library

CNN enables training a multi-class classifier for the sixteen MBTI personality

types. In addition to training binary classifiers for personality traits, we train a 16-

class classifier to analyse whether a deep network could yield better results than our

binary classifiers. The results display an accuracy value of 0.737 and an F1-Score
value of 0.722 for the 16-class classifier. On the other hand, Table 7.10 presents

our best results for the CNN binary classifiers after tuning multiple parameters

and training the CNN multiple times with random initialisations.

TABLE 7.10: Convolutional Neural Network Classifiers Evaluation

MBTI Classifier ~ Accuracy F1-Score
E/I 0.730 0.710
S/N 0.692  0.621
T/F 0.719 0.672
J/P 0.728 0.672
Overall 0,264 0,199
Average 0,717 0,669
Big Five Classifiers Accuracy F1-Score
EXT 0.707 0.716
OPN 0.716 0.620
AGR 0.769 0.819
CON 0.683 0.669
NEU 0.728 0.683
Overall 0,194 0,166
Average 0,721 0,701
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7.4.10 Results and Discussion

7.4.10.1 Supervised Learning Methods Comparison

Table 7.11 and Table 7.12 reveal our best-performing models for the MBTI and
Big Five typologies with O.Acc, O.F1, A.Acc, and A.F1 representing the overall
accuracy, the overall Fl-score, the average accuracy, and the average F1l-score

respectively.

TABLE 7.11: Methods Comparaison for the MBTI Typology

Model Type O.Acc OF1 A.Acc AF1

Logistic regression 0,262 0,248 0.716 0,710
Support Vector Machine 0,215 0,207 0.682 0,678

Naive Bayes 0,196 0,171 0.666 0,650
Decision Tree 0,131 0,124 0.602 0.601
Random Forest 0,234 0.190 0.696 0.673
Binary CNN 0.264 0,199 0.717 0,669
16-Class CNN 0.737 0.722

TABLE 7.12: Methods Comparaison for the Big Five Typology

Model Type O.Acc OF1 A.Acc AF1

Logistic regression 0,196 0,180 0,722 0,713
Support Vector Machine 0,159 0,151 0,693 0,687

Naive Bayes 0,126 0,104 0,663 0,637
Decision Tree 0,100 0,086 0,632 0,617
Random Forest 0,174 0,100 0,705 0,656
Binary CNN 0,194 0,166 0,721 0,701

The results emphasise that the 16-class classifier generated by the CNN approach
for the MBTI typology surpasses the overall results of the binary classifiers. In
other words, the 16-Class CNN model is the preferred choice for classifying doc-
uments according to MBTT’s personality types. However, game stakeholders and

writers might be more interested in recognising a single personality trait than
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the entire MBTI type. Although the overall accuracy and Fl-score are not over-
whelmingly high, the average accuracy and Fl-score demonstrate better results
in classifying MBTT’s dichotomies and the Big Five traits. The logistic regression
approach stands out among the others for both typologies, with average F1-scores
of 0.710 (MBTI) and 0.713 (Big Five).

These results are consistent with the scientific literature that conducted their stud-
ies using social media posts or various personality Kaggle datasets. In line with
our hypothesis question, our models exhibit promising preliminary results in pre-
dicting NPCs’ personalities based on their dialogues and speeches. Furthermore,
three of the six supervised learning approaches achieved better F1-Score results,
as shown in Table 7.13 that compared the top classifiers by traits. In response to
our research question, logistic regression, random forest, and convolutional neural
network emerge as the top three approaches to classify characters’ personalities
among the MBTI and Big Five traits.

TABLE 7.13: Top classifiers by traits

Personality Trait Model Type Accuracy F1-Score

E/I LR 0.714 0.718
S/N CNN 0.692 0.621
T/F LR 0.715 0.752
J/P RF 0.724 0.795
EXT CNN 0.707 0.716
OPN RF 0.706 0.796
AGR CNN 0.769 0.819
CON LR 0.739 0.739
NEU RF 0.727 0.772

7.4.10.2 Limits of the study

The positive outcomes of utilising machine learning and deep learning techniques
to identify non-playable characters (NPCs) personalities are evident. However,

certain limitations must be addressed in future research endeavours.
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Firstly, a noticeable range value of 0.198 between the highest Fl-score in Table
7.13 indicates unequal performance among classifiers in detecting various person-
ality traits. This discrepancy may be attributed to the varying distribution of
dichotomies, as discussed in subsection7.4.2.1. Moreover, the number of personal-
ity indicators like emotions in character dialogues may differ, making some traits
more challenging to analyse through natural language processing (NLP) than oth-

ers.

Secondly, our training utilised a dataset similar in size to those found in academic
literature. However, a larger, more comprehensive dataset could lead to improved

results, enhancing the reliability and validity of the generated classifiers.

Thirdly, the current findings may not be entirely neutral since the test dataset
documents might share similarities with the training dataset documents. While
no document appears in both datasets, they could have semantic similarities due
to originating from the same NPC. We divided the entire game speeches and

characters’ dialogues into multiple documents to construct our complete dataset.

Lastly, as an initial investigation, we did not prioritise optimising the parameters or
hyperparameters of the supervised learning algorithms. Optimising these factors
could improve classifier performance, as suggested by [237, 246]. Future studies
should consider these limitations and focus on refining the techniques and datasets
to further enhance the detection of NPC personalities using machine learning and

deep learning approaches.

7.4.11 Conclusion

This study presents initial evidence supporting the feasibility of employing ma-
chine learning and deep learning techniques to identify non-playable characters’
personalities in visual novel games. We trained multiple binary classifiers and one
16-class classifier using a natural language processing approach, relying on char-
acters’ speeches and personalities. We also identified the most effective model for
each trait in the MBTI and Big Five personality frameworks. This comparison

has been the subject of a peer-reviewed scientific paper [247]

Despite the promising nature of these models for predicting visual novel character

personalities, additional research is required to address this study’s limitations.



Fucilitating the Development of GBAs:
An In-depth Exploration of BPs and SSks Recognition via GSJTs. 177

An important question arising from this research pertains to the practical appli-
cation of these models in our specific context. We applied the models to three
GSJT developments. Based on the results, we revised certain dialogues to portray
the characters’ personalities better. Similarly, the company’s writers can use our
models to ensure consistency between their characters’ dialogues and the intended
personalities, aligning with the team employees’ characteristics and stakeholders’

objectives.

Moreover, natural language processing can be employed in alternative ways to im-
prove visual novel creation processes and gameplay. Future research could explore
text suggestions for writers and auto-generated dialogues based on player inter-
actions, taking into account the sponsor company’s goals. Such extensions of the
current study can contribute to developing more immersive and engaging visual
novel experiences while offering valuable insights into the practical applications of

machine learning and deep learning for character personality identification.
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In this Chapter, we delve into the application of machine
learning and deep learning models for creating realistic non-
playable characters (NPCs). The initial part of the chapter
underscores the importance of having realistic characters in
the context of soft skill recognition and interactive narrative
games. Hence, in alignment with research objective B, we
move towards the proposal of dialogue personality classifiers
to aid the writing team members of a GSJT creation in the

second part.

This chapter details our experiment on developing NPC
speech binary personality classifiers. We focus on MBTI
and Big Five typologies, while the tools we use for this
experiment and our game pool dataset are thoroughly

explained in the chapter’s fourth part.

Our study underscores the efficacy of the 16-Class
Convolutional Neural Network (CNN) model for
classifying NPC personalities within the Myers-Briggs
Type Indicator (MBTI) framework, outperforming
binary classifiers. For stakeholders focused on isolating
single traits, the study highlights promise for individual
trait recognition within both MBTI and the Big
Five frameworks. Notably, logistic regression and random
forest emerged as consistently strong performers across both
typologies.  These findings are corroborated by existing
scientific literature and suggest that logistic regression,
random forest, and CNN are the leading methodologies

for personality classification.

Our study highlights the promise of machine learning in char-
acterising NPC personalities but also notes key limitations.
These include potential bias in the dataset, and lack
of algorithmic optimisation. Future work should address

these issues to improve model reliability and effectiveness.



Chapter 8

General Conclusion

8.1 Our Contribution

This research was embarked upon with the goal of investigating the intersection of
game-based approaches, psychometrics, and soft skills recognition. Over the course
of this research, we investigated a wide range of topics, including the nature of soft
skills, their importance in today’s world, and the challenges that arise when trying
to measure them. This broad exploration allowed us to gain a deep understanding

of the many facets of our research area.

Our work began by delving into the history of game-based approaches, including
their origins and their evolution, notably, the shift from purely entertainment-
oriented games to serious games, edutainment games, and the emerging phe-
nomenon of gamification and toyification. This exploration was critical in forming

a foundation upon which we built the rest of our work.

A detailed analysis of related works in the realm of Human Resources and game-
based approaches was performed. We focused particularly on the use of game-
based approaches in recruitment, selection, and candidate experience enhance-
ment. We also explored how these approaches address bias and objectivity and

how they play a role in expanding the candidate pool.

Building upon this, we examined the use of game-based soft skill assessment meth-

ods, mainly focusing on the use of simulations, gamified situational judgment tests,
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and interactive narrative games in recruitment and selection. A detailed analy-
sis of the stakeholders, design, and conception of these tests was also conducted,

steering us towards the delineation of our research objective’s scope.

We promptly recognized two fundamental aspects. Firstly, the requirement for
effective methodologies and approaches to foster seamless cohesion and collabo-
ration among stakeholders engaged in GSJT creation. Secondly, a comprehensive
analysis was carried out on the stakeholders, test design, and conception, which
significantly influenced the development of tailored tools and approaches. These
resources were specifically aimed at assisting stakeholders in achieving their inher-

ent objectives efficiently.

Given the relative immaturity of GSJT research, we extended our review to en-
compass psychometric approaches and video game design methods with specificity
for interactive narrative games. These comprehensive studies allowed us to ana-
lyze the strategies used and validated by experiences in these various domains. We
endeavoured to integrate the best elements from each field into a list of fundamen-
tal characteristics for building a GSJT design and production methodology and

structuring a game-based approach model for recruitment and selection purposes.

To address the first requirement for a cohesive approach to generate a GSJT, we
started by proposing a preliminary framework that detailed the stages involved
in developing a GSJT and then moved on to a more refined modular model con-
jugated with a drama manager to guide GSJT designers. For each phase of the
framework, we detailed the roles and responsibilities of the involved stakeholders.
This drama manager also assumes a primary function in facilitating the replayabil-
ity of the gamified assessment tools, which frequently face challenges in interactive
narrative games. The aim is to guide GSJT designers in focusing on the evalua-
tion’s reliability and validity in the context of the GSJT rather than on the game’s
narrative and storyline, which can often become intricate in Interactive Narrative

Games.

We also designed a computational psychometric scoring system to aid the psycho-
metric teams in a hybrid approach to score a GSJT, which was a significant step
forward in streamlining the scoring process and maintaining the objectivity of the
assessments. This system was formulated keeping in mind the challenges and lim-
itations of existing scoring methods and is expected to enhance the efficiency and

effectiveness of GSJT assessments. We validated our theories through carefully
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designed experiments, and the results affirmed preliminary findings in the efficacy

of our proposed frameworks and hybrid scoring systems.

In the final chapter of this work, we underscored the importance of realistic char-
acters for the recognition of soft skills as a fundamental element for accurate and
dependable soft skill evaluation. We introduced dialogue personality classifiers
aimed at aiding narrative writers in enhancing the immersive quality and real-
ism of NPCs. The process for developing binary classifiers for NPC dialogues is
comprehensively explained, encompassing stages like data collection, labelization,
preprocessing, and model training. We conducted extensive experiments utilizing
a range of machine learning and deep learning algorithms, including Logistic Re-
gression, Support Vector Machine, Naive Bayes, Decision Trees, Random Forest,
and Convolutional Neural Networks. Our in-depth analysis of the results offers
vital insights into the capabilities of machine learning and deep learning as tools

to assist GSJT designers in NPC creation.

In conclusion, this research represents one of the first steps forward in our un-
derstanding and application of game-based approaches in the field of soft skills
recognition. This research provides a comprehensive guide to designing, imple-
menting, and scoring GSJTs, a tool that is anticipated to be used by the human
resources industry by offering a novel, engaging, and effective method for soft
skill and behavioural profile recognition. However, like any scientific endeavour,
this work raises new questions and paves the way for future research. We expect
further refinements to our frameworks and scoring system as they are applied in

various contexts and as technology continues to advance.

8.2 Perspectives and Future Research

Our thesis operates within a framework of specific boundaries and constraints that
we delimited in chapter 1, which are not only inherent but also instrumental in
guiding our research process. It is within these confines that our study derives its
focus, allowing for a targeted and in-depth exploration of the chosen subject mat-
ter. As with all research endeavours, this thesis, while initiating in its approach to
melding game-based approaches, psychometrics, and soft skill recognition, is no ex-
ception to the presence of certain limitations. Acknowledging these constraints not

only ensures transparency and candour in our work but also provides a roadmap
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for future researchers. We’ve included discussion and limitations for each proposal
in the individual chapters. Therefore, this section provides an overview of the the-
sis’s general constraints, aiming to clarify the context for interpreting our findings

and to guide future research.

e Scope and Generalization: The universal applicability of game-based
techniques. and specifically, GSJT remains a significant question within the
academic community. Variations in sectorial demands, cultural values, and
regional norms create a multifaceted landscape of soft skills recognition. Our
study and proposals may represent a snapshot of this vast terrain. Different
sectors, from technology to healthcare to the arts, present unique sets of
challenges or opportunities. For instance, the healthcare sector may prior-
itize empathy and communication skills, while the technology sector might
lean towards collaboration and adaptability. Additionally, cultural contexts
play a pivotal role in shaping the definitions and perceptions of 'valued’
soft skills. For instance, certain cultures may prioritize harmony and group
cohesion, while others emphasize individual innovation. As such, future re-
search endeavours could undertake a multi-pronged approach, focusing on
both sectorial and cultural variations. Cross-sectional studies that juxta-
pose the efficacy and adaptability of GSJT techniques across these diverse

terrains would significantly enhance our understanding.

e Stakeholder Analysis Specificity: A well-rounded research perspective
necessitates a comprehensive understanding of various stakeholder views, es-
pecially when it involves subjective domains such as soft skills recognition.
While our study has tapped into the perspectives of key stakeholder groups,
there exist stakeholders on the periphery that might not have been ade-
quately captured. These stakeholders, especially from underrepresented or
marginalized communities, could offer alternative insights, challenging the
predominant narratives. For instance, stakeholders from non-traditional ed-
ucational or HR backgrounds, differently-abled individuals, or those from
socio-economically challenged environments might have unique views on
game-based recognition of soft skills. Future studies could adopt a more di-
versified sampling strategy, ensuring representation from varied demograph-
ics. Leveraging mixed-method approaches, combining qualitative interviews
with large-scale surveys, could further enhance the depth and breadth of

stakeholder analysis.
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e Navigating the Nascent Terrain of GSJT: With the GSJT domain still
in its budding stage, our foundational understanding is continually evolving,
with potential blind spots that might emerge over time. While our thesis has
strived to provide a comprehensive overview of the GSJT domain, it operates
within the constraints of current knowledge and this thesis’s constraints. As
the field matures, new paradigms might emerge, challenging our foundational
assumptions. For instance, user behaviour within game environments might
evolve, or new technological advancements could redefine game dynamics to
enhance the reliability and validity of the assessment. Hence, a longitudinal
approach that tracks GSJT’s evolution could provide invaluable insights.
Such an approach would not only chart the trajectory of GSJT’s evolution

but also identify pivotal milestones, challenges, and shifts in the domain.

e Iterative Evolution of Frameworks: The proposed preliminary GSJT
creation frameworks described in chapters 4 and 5, developed on present un-
derstandings and best practices, represent an initial blueprint. The fluid and
dynamic nature of research domains, especially those intersecting technology
and human behaviour, necessitates adaptable and evolving frameworks. The
GSJT creation framework, while comprehensive in its current form, stands
on the knowledge and best practices of today. As the domain interacts with
real-world scenarios, certain elements of the framework might demand re-
calibration. For instance, feedback from users, HR professionals, or game
designers might point towards elements that need refinement or even a com-
plete overhaul. Action research methodologies, wherein researchers collab-
orate with practitioners in real-world settings, could be invaluable. This
would allow for continuous feedback loops, with iterative modifications to

the GSJT framework based on real-world insights and challenges.

e Balancing Gameplay and Assessment: Prioritizing replayability using
the drama manager might introduce challenges. Striking a balance between
creating an immersive gaming experience and ensuring accurate skill as-
sessment remains one of the most formidable challenges in game-based soft
skills recognition. The risk of favouring immersive gameplay over accurate
assessment or vice-versa presents potential pitfalls. For example, an overly
engaging game narrative might distract from the primary goal of skills as-

sessment. Conversely, a game too focused on assessment might compromise
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user engagement, reducing its effectiveness. Future research could design ex-
perimental setups that create variations in game narratives and assessment
focus, subsequently evaluating the efficacy of each variation. Such experi-
ments would help in isolating potential trade-offs, leading to strategies that

ensure an optimal balance between immersion and assessment.

e Computational Psychometric Scoring: The innovative computational
scoring system is a stride forward, merging psychometrics with computa-
tional advances. Yet, as computational techniques evolve and our under-
standing of psychometrics deepens, there’s a constant need to refine and
redefine our scoring systems. The existing computational scoring system,
while innovative, operates within the boundaries of current algorithms and
psychometric principles. With rapid advancements in Al and evolving nu-
ances in psychometric understanding, future challenges or even paradigm
shifts are anticipated. Meta-analytic studies could be useful, comparing the
efficacy of various computational scoring systems across diverse game-based
platforms and populations. Furthermore, exploring collaboration between
AT experts and psychometricians could lead to the creation of more sophis-

ticated, accurate, and universally applicable scoring algorithms.

e Enhancing NPC Realism and navigating the complexities of Ma-
chine Learning: The deployment of machine learning and deep learning
for NPC enhancement brings about its set of challenges. Beyond the con-
straints of the algorithms themselves, the quality and breadth of training
data, potential algorithmic biases, and the transient nature of Al research
might lead to newer methodologies that challenge or surpass current imple-
mentations. In addition, the complexities of human interactions, rife with
subtle cues and nuanced responses, present challenges when replicated in
virtual environments through NPCs. Achieving high degrees of realism in
NPCs is pivotal for effective soft skill recognition, especially when assessing
interpersonal dynamics. The current generation of NPCs might not fully cap-
ture the subtleties of human behaviour. For instance, nuances like sarcasm,
humour, or cultural idioms might be challenging to replicate authentically.
Interdisciplinary research combining insights from behavioural psychology,
human-computer interaction, narrative design, and even fields like sociology
or anthropology could pave the way for more sophisticated and nuanced NPC

designs. Such collaboration could delve deeper into understanding human
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interactions and subsequently design NPCs that mirror these complexities

accurately.

e From Theory to Practice: Operational Feasibility: The transition
from research-based frameworks to real-world applications often unveils un-
foreseen challenges, underscoring the need for practical feasibility studies.
Scalability, cost implications, user receptivity, and adaptability within or-
ganisational structures are just a few of the myriad challenges that might
arise when operationalizing the proposed frameworks. Pilot studies, wherein
the frameworks are introduced on a smaller scale within real-world HR set-
tings, could provide invaluable insights. Detailed post-implementation re-
views could shed light on challenges faced, areas of improvement, and the
overall efficacy of the framework in real-world scenarios. Collaborative re-
search involving academia, industry professionals, and end-users could en-
sure that the research outcomes are both theoretically robust and practically

applicable.

In conclusion, while this thesis has endeavoured to chart new territories within the
domain of game-based soft skills recognition through gamified situational judgment
tests, the vast landscape of potential research beckons subsequent explorations.
The extended discussions above aim to provide a roadmap for researchers, prac-
titioners, and stakeholders, illuminating the various avenues that remain to be

explored, challenged, and refined.
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Experimentation 1: Survey

Questions

Q1: Did you enjoy this gamified experience focused on learning

and raising awareness about leadership soft skills?

(Score Between 0 and 10)
= Nb of Players
25

Average
7.92

20

15

10

209
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Q2: Have you ever experienced similar interpersonal situations to those in
the game, either at work or during your studies?

= Nb of Players

25

Never Rarely Occasionally Frequently

Q3: How did you find the game's user interface, controls, and gameplay?

= Nb of Players
60

Very easy Eas Medium Difficult Very difficult
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Q4: In a few lines, which aspects of the experience did you appreciate?

Q5: In a few lines, which aspects of the experience would you like to see
improved and why?

Q6: Do you play video games?

= Nb of Players

Never Rarely Occasionally Frequently
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Q7: Do you think that this type of game can help improve performance at
work or in the context of your studies when facing similar situations?

= Nb of Players
40

30

20

10

0
Strongly disagree Disagree Neutral Agree Strongly agree

Q8: Do you believe that this type of game can influence your future
behavior at work or in the context of your studies?

= Nb of Players
40

Strongly disagree Disagree Neutral Agree Strongly agree
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Q9: Are you a Woman, a Man or Other?

= Nb of Players

30

Woman Man Other
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